Prevalence of clinically relevant acanthamoeba and bacteria in a South African paediatric burns unit by Khumalo, Boniswa
COPYRIGHT AND CITATION CONSIDERATIONS FOR THIS THESIS/ DISSERTATION 
o Attribution — You must give appropriate credit, provide a link to the license, and indicate if
changes were made. You may do so in any reasonable manner, but not in any way that
suggests the licensor endorses you or your use.
o NonCommercial — You may not use the material for commercial purposes.
o ShareAlike — If you remix, transform, or build upon the material, you must distribute your
contributions under the same license as the original.
How to cite this thesis 
Surname, Initial(s). (2012). Title of the thesis or dissertation (Doctoral Thesis / Master’s 
Dissertation). Johannesburg: University of Johannesburg. Available from: 
http://hdl.handle.net/102000/0002 (Accessed: 22 August 2017).    
PREVALENCE OF CLINICALLY RELEVANT ACANTHAMOEBA AND 
BACTERIA IN A SOUTH AFRICAN PAEDIATRIC BURNS UNIT 
A dissertation presented to the 
Faculty of Health Sciences, University of Johannesburg, as fulfillment for the Master 
Technologiae in Environmental Health 
by 
Boniswa Khumalo 
(Student number: 201203809) 
Supervisor:     ____________________  Date: 13/02/2021 
 Ms. RH Van Wyk 
Co-Supervisor: Date: 13/02/2021 





Table of contents 
i. DECLARATION ..................................................................................................... i 
ii. ACKNOWLEDGEMENTS ..................................................................................... ii 
iii. DEDICATION ....................................................................................................... iii 
Abstract................................................................................................................................. iv 
Chapter 1: .............................................................................................................................. 1 
Introduction ............................................................................................................................ 1 
1.1 Motivation for study .............................................................................................. 3 
1.2 Aim ....................................................................................................................... 4 
1.3 Objectives ............................................................................................................ 4 
Chapter 2: .............................................................................................................................. 5 
Literature review .................................................................................................................... 5 
2.1 History of amoeba ................................................................................................ 5 
2.2 Classification of amoeba ...................................................................................... 6 
2.3 The life cycle of FLA ............................................................................................. 7 
2.4 Sources of FLA..................................................................................................... 8 
2.5 Acanthamoeba ..................................................................................................... 8 
2.6 Other clinically important FLA ............................................................................. 11 
2.6.1 Sappinia ...................................................................................................... 11 
2.6.2 Balamuthia .................................................................................................. 12 
2.6.3 Naegleria ..................................................................................................... 12 
2.7 Diagnosis of FLA infections ................................................................................ 13 
2.8 FLA interactions with clinically relevant bacteria ................................................. 13 
2.8.1 Clinically relevant bacteria associated with HAIs ......................................... 14 
2.8.1.1 Acinetobacter baumannii ......................................................................... 15 
2.8.1.2 Pseudomonas Aeruginosa ....................................................................... 15 
2.8.1.3 Enterobacteriaceae .................................................................................. 16 
2.8.1.4 Enterococcus faecalis .............................................................................. 16 
2.8.1.5 Serratia species ....................................................................................... 17 
2.8.1.6 Shigella species ....................................................................................... 17 
2.8.1.7 Stenotrophomonas maltophilia ................................................................. 18 
2.8.1.8 Salmonella typhi ...................................................................................... 19 
2.10 Hospital infection prevention and Control Methods ............................................. 20 
2.10.1 Biocides ...................................................................................................... 21 





2.10.3 Decontamination ......................................................................................... 22 
2.10.4 Handwashing .............................................................................................. 22 
2.11 System design .................................................................................................... 23 
2.11.1 The hand-wash station ................................................................................ 23 
2.11.2 The ventilation system ................................................................................. 24 
2.12 Handling of biological material ............................................................................ 25 
2.13 Regular monitoring ............................................................................................. 26 
Chapter 3: ............................................................................................................................ 27 
Materials and methods ......................................................................................................... 27 
3.1 Introduction ........................................................................................................ 27 
3.2 Study setting ...................................................................................................... 27 
3.3 Sampling areas .................................................................................................. 27 
3.4 Examination Room ............................................................................................. 28 
3.5 High Care Units .................................................................................................. 29 
3.6 General wards .................................................................................................... 29 
3.7 Wound dressing rooms ....................................................................................... 29 
3.8 Sample collection ............................................................................................... 30 
3.9 Sample analysis ................................................................................................. 32 
3.9.1 Isolation of FLA ........................................................................................... 32 
3.10 Isolation and purification of bacteria ................................................................... 32 
3.11 Identification of bacteria and antimicrobial susceptibility testing .......................... 33 
3.12 Molecular identification ....................................................................................... 33 
3.12.1 DNA extraction ............................................................................................ 33 
3.12.2 PCR analysis ............................................................................................... 34 
3.12.3 Testing for microbial indicator organisms .................................................... 35 
3.13 Data analysis ...................................................................................................... 35 
Chapter 4: ............................................................................................................................ 37 
Results ................................................................................................................................. 37 
4.1.1 Introduction ................................................................................................. 37 
4.1.2 Physico-chemical parameters and indicator organisms ............................... 38 
4.1.3 Detection of Free-living amoeba by microscopy .......................................... 39 
4.1.4 Molecular identification of FLA..................................................................... 41 
4.1.5 Detection of bacteria associated with amoebae ........................................... 42 
4.1.6 Antimicrobial susceptibility testing ............................................................... 45 
Chapter 5: ............................................................................................................................ 51 





5.1 Introduction ........................................................................................................ 51 
5.2 Physico-chemical parameters and indicator organisms ...................................... 51 
5.3 Detection of Acanthamoeba ............................................................................... 52 
5.4 Detection of potentially pathogenic bacteria .......... Error! Bookmark not defined. 
5.5 Prevalence of potentially pathogenic microbes detected .................................... 54 
5.6 Screening of antimicrobial-resistant isolates ....................................................... 56 
Chapter 6: ............................................................................................................................ 58 
Conclusions and Recommendations .................................................................................... 58 
6.1 Conclusions ........................................................................................................ 58 
6.2 Recommendations ............................................................................................. 60 
References .......................................................................................................................... 62 




List of tables 
Table 2.1.  The traditional and new classification of amoeba .................................................. 6 
Table 2.2 Acanthamoeba genotypes and associated diseases (Corsaro et al., 2015). ......... 10 
Table 2.3 The WHO priority pathogens list for research and development (WHO, 2017) ..... 14 
Table 4:2 Acanthamoeba spp. isolated from water, biofilm, and surface samples per area in the 
PBU. .................................................................................................................................... 40 
Table 4.3 Biodiversity of bacterial species isolated at different sampling areas of the PBU .. 43 
Table 4. 4 Number of Gram-negative nosocomial pathogens resistant to antibiotics recovered 
from the hospital environment .............................................................................................. 46 
Table 4.6 Multi-drug resistance pattern of Gram-negative isolates from a Paediatric Burns Unit
 ............................................................................................................................................ 49 
List of figures 
Figure 3.1 Cooling tub with plastic bathing bowls in the PBU ............................................... 30 
Figure 3.2 Handwashing station in the PBU ......................................................................... 31 
Figure 3.3 Patient shower in the PBU .................................................................................. 31 
Figure 3.4 Recording chart and patient file in the PBU ......................................................... 32 
Figure 3.5 Protocol used to analyze water, biofilm, and surface samples ............................. 35 
Figure 4.1 Typical Acanthamoeba cysts (arrows) observed from patient file samples, phase 
contrast 40 X microscope (Olympus, Japan), bar 50 µm ...................................................... 40 
Figure 4.2 Agarose gel (2%) electrophores is of the PCR products of environmental samples, 
which amplify approximately 750 - 1000bp of the 18S rRNA gene; a 100bp ladder; positive 





List of appendices 
Appendix (i) Cross-tabulation of Amoeba present in water, biofilm and surface samples  
Appendix (ii) Cold Water Distribution system and Hospital layout 
Appendix (iii) Paediatric Burns Unit layout 
Appendix (iv) Higher Degrees Committee clearance letter 
Appendix (v) Research Ethical Committee clearance letter 
Appendix (vi) TurnItIn Proof of submission 


























"I, Boniswa Khumalo (Student number: 201203809) declare that this is my own, unaided 
work. I am submitting it for the degree of Magister of Technologiae in Environmental 
Health at the University of Johannesburg. It has not been submitted before, for any degree 
or examination in any other university." 
 Date: 13 February 2021 







● Firstly, to the God of the Bible for divine favour, wisdom, and strength 
● My fantastic team of supervisors for the opportunity, guidance, and financial 
support 
● My husband, Nkosinathi Benson Khumalo, for selfless and consistent support 
financially, emotionally, and spiritually 
● My mother and sisters for being my biggest cheerleaders over every little 
achievement 
● My dear friend and academic mentor, Sandra Matabs Ayuk, for continually 






















This dissertation is dedicated to my greatest gift, second to salvation for my soul. My son, 
Melusi Sonwabile Khumalo, meant to inspire him to pursue and complete his life mission, 































The presence of Acanthamoeba and select clinically relevant bacteria contribute 
immensely to acquiring hospital-acquired infections (HAIs) in hospitals globally. The 
World Health Organisation (WHO) has emphasized the following organisms: 
Enterococcus faecalis, Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter 
baumannii, Pseudomonas aeruginosa, and Enterobacter spp. These organisms are 
collectively referred to as 'ESKAPE" organisms, mainly due to their infamous resistance 
to antibiotics, which serve as the standard primary treatment line against the HAIs they 
are known to cause. The interaction of amoeba and these organisms has been 
documented as playing an under-reported but significant role in their pathogenicity 
(Boyce, 2017). Children are generally at a higher risk of contracting HAIs because of their 
immune immaturity that is naturally worsened by pre-existing medical conditions (Brooks 
and Mias, 2018). Acanthamoeba and other harmful pathogens have been isolated in 
water, soil, air, humans, and animals. The exposure risk for acquiring Healthcare-
associated infections is directly linked to Infection Prevention and Control (IPC) practices 
by healthcare workers, patients, and visitors that they come into physical contact with. 
 
There are limited studies on the prevalence of pathogenic organisms such as 
Acanthamoeba and ESKAPE organisms in hospitals that treat paediatric patients 
hospitalized for burn injuries. This study focused on investigating the occurrence of Free-
Living Amoeba (FLA), concentrating on Acanthamoeba and bacteria from selected 
environmental surfaces and water sources of a South African Paediatric Burns Unit 
(PBU). A total of 254 water, biofilm, and surface samples were collected from the following 
sources: tap water from hand-washing stations, cooling tubs, air-conditioning units, 
paper-based patient files, and medical chart recording stands informally known as 
'doctor’s desks’ by staff in the hospital. 
 
Hot and cold water was tested on-site for the presence/absence of physico-chemical 
parameters: levels of pH, residual chlorine, total dissolved solids, and Escherichia coli. 
The water temperature ranged from 18.4°C-48.7°C, pH ranged from 6.9 to 8.8, residual 
chlorine 0.01mg/L-0.38mg/L and total dissolved salts 0.0 85 mg/L-187 mg/L. A total of 
254 samples were collected and analyzed through microscopy for the presence of FLA 






Microscopic identification of amoebae was based on the shape of the outer walls, which 
are typically star-shaped and hexagonal, observed using light and inverted microscopy in 
98 (38.6 %) of the 254 samples. PCR using universal primers P-FLA-F and P-FLA-R was 
used to confirm the identification of the amoebae Acanthamoeba spp. were positively 
observed after amoebal enrichment in 28% of the water, 21.2% and 50.5% from the 
surface samples. The bacterial species were identified using the VITEK®2 analysis from 
213 surface and water isolates of the Paediatric Burns Unit. Twenty-two different types of 
species were isolated, with Pseudomonas aeruginosa being the most abundant. The 
diversity included ESKAPE organisms such as Klebsiella pneumoniae and Acinetobacter 
baumannii. 
 
This study's findings indicate Acanthamoeba's definite presence, which suggests the high 
risk of patients, staff, and visitors contracting Acanthamoeba keratitis and the fatal 
Granulomatous encephalitis, among other diseases. The unknown prevalence of some 
of the bacteria isolated in the PBU and the interaction with Acanthamoeba is a greater 
danger considering the resistance to existing antibiotics currently in the market. 
Prioritization of financial resources to boost consistently sampling and testing for FLA and 
ESKAPE organisms can improve the management of HAIs. Detection of harmful 
pathogens should lead to proper monitoring of compliance to control measures such as 
hand-washing, correct use of PPE, and accurate record-keeping.  
 
Keywords: Free Living Amoeba, ESKAPE Organisms, Healthcare-Associated 









Chapter 1:   
Introduction 
Healthcare facilities require hygienic environments and an adequate supply of safe 
drinking water essential for patients' desirable recovery outcomes. Practices such as the 
disinfection of utensils, equipment, linen, and reusable personal protective 
equipment/clothing (PPE/C) are essential in providing these safe living conditions for 
patients (Chand et al., 2020). Healthcare surfaces also need effective disinfection 
procedures as they are frequently contaminated by possibly infectious particles from air 
conditioning systems and contact by patients and healthcare workers (Kanamori et al., 
2020).  Furthermore, water as a scarce resource in many parts of the world, including 
South Africa, needs to be adequately treated to avoid the spread of disease outbreaks in 
Healthcare facilities. Microbial contaminants of concern in the water distribution systems 
and surfaces include bacteria, fungi, viruses, and protozoa (Geissen et al., 2015). 
Patients can be exposed to environments (air, water, and surfaces) potentially 
contaminated with these microbes (Calfee, 2012). Exposure to pathogenic 
microorganisms can occur through ingestion, direct contact, or the inhalation of aerosols, 
leading to hospital-acquired infections (HAIs). HAIs may cause patients to remain in the 
hospital longer than the intended period, contributing to the mortality rate and increased 
treatment costs. (Rahmqvist et al., 2016). Statistics on HAIs in non-ICU paediatric units 
is especially under reported in developing countries with around 7% per 100 admission 
which seems to correlate with some western countries (Canada, Russia and UK). The 
HAIs among ICU or specialized care patients (i.e patients with severe burn injuries) is 
significantly higher with a little over 20% per 100 admissions in developing countries but 
relatively less in developed countries (Spicer et al., 2018). 
Treatment of HAIs is becoming increasingly difficult. Some studies suggest that current 
antibiotic treatments are no longer effective against microbes over time, while newer ones 
are not being produced fast enough (Olaniyan, 2016; Laxminarayan et al., 2013).  In the 
South African context, limited research has been done to prevent and manage 
nosocomial infections in South Africa (National infection prevention and Control Policy 
and Strategy, 2007; Ramsamy et al., 2018) (NICPS). Antibiotic-resistant bacteria (ARBs) 





responsible for most HAIs (Schield, 2014). The World Health Organisation (WHO) 
highlights antibiotic Resistance as one of the ‘biggest threats to global health, food 
security, and development today’ (Cernat et al., 2019). In 2017, the organisation released 
its first-ever list of antibiotic-resistant ‘priority pathogens’ that contains 12 families of 
bacteria that are said to pose the greatest threat to human health’. These organisms 
include Acinetobacter Baumannii, Pseudomonas aeruginosa, Helicobacter pylori, 
Escherichia coli, and Enterococcus faecalis (WHO, 2017).  Among the high-risk 
organisms in hospital settings, the protozoa and free-Living Amoebae (FLA) have gained 
interest as they can promote the survival and proliferation of the priority organisms 
(through engulfing and ingesting them, once they leave the FLA system, they are almost 
industructible), as mentioned earlier, in the environment (Muchesa et al., 2017). 
The Environmental conditions of healthcare facilities play a significant role in increasing 
the risk of contracting diseases or exacerbating existing ones. Cronk and Bartman (2018) 
indicate that 50% of healthcare facilities in low- and middle-income countries lack piped 
water, 33% lack fully functional toilets, and 59% lack reliable electricity. The lack of these 
vital facilities hampers infection control efforts that, in many instances, need improving. 
Patients and hospital personnel continuously release pathogens to environmental 
surfaces, increasing the risk of exposure for other patients through direct contact (WHO, 
2020; Feidler et al., 2018). Proper handwashing techniques are poorly applied in many 
facilities, including those that have the best resources available. Lack of sanitation 
facilities in healthcare facilities is a global problem. Japan reports 19% overall adherence 
according to a survey conducted for 3545 individuals in four different hospitals (Adegboye 
et al., 2018; Walaszek et al., 2017; Timen et al., 2010). 
The South African Environmental Health Norms and Standards (2016) require that water 
in a healthcare facility be tested for suitability for human consumption at least twice a 
year. The ‘regular’ testing of this water may be a challenge in most provinces. Gauteng 
province is performing better with the introduction of hospital-based Environmental Health 
Practitioners, mandated according to the South African National Health Act (2003), to 
monitor water quality. Water is tested for its microbial levels (SANS 241: 2015), which are 
primarily tested for total plate counts, coliform counts, and Escherichia coli counts in the 
routine quality check. However, the WHO priority organisms are not considered (Muchesa 





as described by Muchesa et al. (2016), are prevalent in water systems of some 
Johannesburg hospitals where immune-compromised patients can be exposed. 
In addition to water monitoring, hospital environmental surfaces are also critical, as they 
may facilitate the transmission of several critical Healthcare-associated pathogens. The 
traditional method of evaluating hospital surfaces' cleanliness or sterility is through 
environmental swabbing (Chai et al., 2018). The National Infection Prevention and 
Control Policy and Strategy (2007) (NIPCPS) recommends that healthcare facilities have 
a system in place that allows for the regular identification of infectious organisms. 
Generally, information around the efficacy of using biocides against amoeba as a means 
of cleansing surfaces is scarce.  A large portion of the literature on biocides' effectiveness 
covers other transmittable protozoal species such as Cryptosporidium and Gardia spp., 
generally associated with gastrointestinal outbreaks (Damani, 2019; Efstatiou et al., 
2017).  
1.1 Motivation for study 
There is a growing concern over microbes in the environment as possible causative 
agents of HAIs, also known as nosocomial infections. These infections have been rarely, 
if ever, reported in the environment, particularly in low- and middle-income countries, 
including South Africa (Rickard et al., 2020; WHO, 2017).  Among the possible causative 
agents, Free-Living Amoebae (FLA) have gained interest in the past decades as 
emerging contaminants in water systems and the surrounding environments. FLA are 
unicellular protozoa widely distributed in territories frequently in contact with humans 
(Muchesa et al., 2019).  Although most FLA are non-pathogenic, some species, including; 
Naegleria fowleri, Balamuthia mandrillaris, and Acanthamoeba, are known human 
pathogens. These FLA have been associated with human infections that involve the 
central nervous system (CNS), (Granulomatous amoebic encephalitis), eyes 
(Acanthamoeba keratitis), and skin (cutaneous Acanthamoebasis) (Muchesa et al., 2017; 
Schied, 2018; Puius et al., 2020). These FLA can coexist with clinically relevant bacteria 
such as legionella spp., and P. aeruginosa and methicillin-resistant Staphylococcus  
aureus (MRSA), other Pseudomonas spp., non-tuberculous mycobacteria, Escherichia 
coli, and E. Faecalis (Gomes et al., 2020; Shamsizadeh et al., 2017). These priority 
organisms have been reported to cause a wide range of HAIs based on their; healthcare 
and community burden, the prevalence of Resistance, preventability in hospital and 





implications in causing nosocomial infections in South Africa is still unknown, 
emphasizing the need for vigorous research and the development of suitable treatment 
options. Therefore, the prevalence of FLA and associated bacteria in healthcare water 
systems and surface environments may pose a risk to immune-compromised patients 
and healthcare workers. The patients can be exposed by water and surfaces through 
ingestion, direct contact, or inhalation of aerosols. Therefore, regular monitoring of FLA 
and selected bacteria in Healthcare institutions are essential to prevent and manage 
possible exposure of immune-compromised patients, staff, and public members who visit 
those institutions (Mahittikon et al., 2017; Long, 2018). 
1.2 Aim  
To investigate the occurrence of Acanthamoeba and bacteria from selected 
environmental surfaces and water sources of a South African Paediatric Burns Unit. 
1.3 Objectives 
● To determine the occurrence of FLA and bacteria associated with hospital acquired 
infections in water sources and environmental surfaces 




















Chapter 2:   
Literature review 
This chapter focuses on FLA's biology (pathogenic and non-pathogenic), their association 
with bacteria, and their occurrence in drinking water systems with particular emphasis on 
healthcare facilities. The clinically important bacteria with the diseases they cause in 
healthcare settings will also be discussed.  
2.1 History of amoeba 
Johann Rösel is known to have first discovered and recorded the amoeboid organism 
between the years 1755 and 1757. He named the discovery ‘Der Kleine Proteus’ (‘the 
Little Proteus’) (Crawford, 1933; Walochnik and spook, 1970). The term ‘amoeba’ refers 
to a simple eukaryotic organism that moves in a characteristic crawling manner and is 
derived from the Greek word amobe, which means change (Gallot-Lavallée and 
Archibald, 2020; Saad et al., 2019). Based on rRNA sequences, the amoebae diverged 
from the core line of eukaryotic descent, sometimes between the divergence of yeast, 
plants, and animals at various periods (O’Malley et al., 2019; Marczynski et al., 2019). 
Amoeba is a single-celled organism with three main parts, the plasmalemma or plasma 
membrane, cytoplasm, and nucleus. The plasma membrane of an amoeba, just like any 
other ordinary cell, contains or is composed of a phospholipid bilayer that is double-sided 
(Sharma and Singh, 2017). The membrane has sections of cholesterol deposits, which 
help decrease the chances of micro-water-soluble molecules from permeating the cell, 
the protein assists in the building up of lipids. The cytoplasm is a jelly-like substance that 
fills most of the cell with extensions called pseudopods, enabling it to move through a 
process known as ‘amoeboid movement,’ quite common in other types of cells too 
(Madhavan, 2020;  Gummand, 2017). The pseudopods allow the amoeba to feed through 
the engulfing of its prey, mostly bacteria, algae, and other protozoa (Alan et al., 2019). 
The nucleus houses most of the cell’s genetic information, thus controlling the cell’s 
reproductive mechanisms. The nucleus also enables the cell to process functions such 






2.2 Classification of amoeba 
Traditionally the older hierarchical systems which classify organisms into ‘kingdom,’ 
‘phylum,’ ‘class,’ ‘subclass,’ ‘super-order’ and ‘order’ were replaced with a new 
classification system (Martinez, 2019; Uspenskaya and Alexander, 2017; Crowson, 
2017). The new system is based on morphological approaches, biochemical pathways, 
and molecular phylogenetics. The Eukaryotes have, under this new schema, been 
classified in namely; Amoebozoa, Opisthokonta, Rhizaria, Archaeplastida, 
Chromalveolata, and Excavata (Perina et al., 2020; Wojtkowska et al., 2017), which are 
called ‘supergroups’ or clusters. Protozoa are classified into four groups, namely; Fusoria, 
Sporozoa, Mast gophora, and Sarcodina, which is amoeba (Sherman, 2018) (Table 2.1). 
The traditional classification is still widely used with amoeba being placed under the 
Kingdom Protista, and the amoebade family illustrated in Table 2.1. Due to the many 
variations in cyst morphology, classifying of species based on morphology is considered 
unreliable, although this is a critical characteristic in species identification (Tekle and 
Wood, 2018). The 18S rRNA gene sequencing is the more preferred method of 
identification (Morena et al., 2018). Amoebae are either parasitic or free-living by nature. 
The parasitic amoebae are further divided into pathogenic and commensal. Entamoeba 
Histolytica is the only known pathogenic amoeba responsible for Amebiasis, an intestinal 
illness that is contracted through eating or drinking foods that are contaminated with the 
Entamoeba Histolytica. Amebiasis is one of the most common diseases in tropical regions 
(Scheid, 2019; Poe and Marcano-Cabral, 2019). 
 
Table 2.1.  The traditional and new classification of amoeba 
Traditional classification Emerging classification (supergroups) 
Kingdom Protista Supergroup Pathogenic FLA 
Group Protozoa Ameobozoa Acanthamoeba, iBalamuthia, 
iSapinna, 
Phylum Rhizopoda Opisthokonta  
Class Lobosea Rhizaria  
Subclass Gymnamoebia Archaeplastida  
Family Amoebidae Chromalveolata  
Genus Amoeba Excavata Naegleria fowleri 






Free Living Amoeba (FLA) 
Free-living amoebae are unicellular heterotrophic protozoa that consist of several genera. 
FLA are important predators that feed on bacteria, fungi, and algae (Sakran and Tabet, 
2019; Bartie et al., 2016). FLA feeds on other microorganisms such as bacteria, fungi, 
algae, and other small organic particles in the environment, releasing the nutrients in their 
prey to the environment. These FLA assimilate nutrients such as carbon, nitrogen, and 
phosphate as they feed and release them into the environment by excretion or death. The 
nutrients released in the soil contribute to nutrient cycling, which almost inevitably fuels 
plant growth. This secondary regeneration of minerals also increases the food supply for 
other microbes, with a direct effect of an increase in the bacterial biomass (Muchesa et 
al., 2019 and Gupta et al., 2017). 
 
2.3 The life cycle of FLA 
Most FLA have at least two developmental stages in their life cycle; a trophozoite and a 
cyst stage. Some FLA like naegleria have an additional temporary motile flagellate stage 
(Rice et al., 2020). The trophozoite (10-20 µm in diameter) is the active metabolic stage, 
which is typically characterized by the feeding on bacteria, fungi, viruses, yeast, algae, 
and other small organic particles in the environment and reproduces by binary fission. 
Cysts are formed when FLA are exposed to adverse environmental conditions of pH, 
temperature, and nutrient depletion through a process called encystment (Garajová et al., 
2019; Balczan and Scheid, 2018). 
 
The cyst wall gives the amoeba in this stage a spherical shape, and its morphology 
depends on environmental conditions. The dense structure of the cyst wall is made up of 
different layers, according to a study conducted by Lemgruber (2010). The wall contains 
a network of filaments with a loose arrangement on the outer cover; the inner is 
considerably thinner, about half the size. The hardening of this wall is said to occur 
because of the presence of ostioles after digestion of the opercular covering the ostioles 
(Martinez, 2019; Delafont et al., 2018).  Acanthamoeba is double-walled and is made up 
of acid-insoluble proteins and cellulose with the exact composition is not known. Several 
studies have shown that cysts can resist disinfectant and biocide treatments because of 





Mclean, 2014). This ability of FLA cysts to withstand adverse environmental conditions 
has allowed them to colonize a wide range of habitats, including drinking water plants, 
swimming pools, and hospitals (Muchesa et al., 2015).  
 
2.4 Sources of FLA 
Free-living amoebae are said to be the most abundant and widely distributed protozoa in 
the environment. Isolates have been collected from air, soil, and water environments. In 
these environmental sources, their proliferation and diversity largely depend on 
environmental factors such as temperature, pH, moisture, and availability of nutrients 
(Brosnahan et al., 2020; Ren et al., 2018; Khan, 2006).  In aquatic environments, FLA are 
found in natural environments such as lakes and hot springs (Latif et al., 2020). FLA have 
also been isolated in manmade sources such as in nuclear power plants, ventilation 
ducts, jacuzzi tubs, humidifiers, showerheads, thermally polluted-factory discharges, air-
conditioning units, cooling towers, water-damaged buildings, water treatment plants, 
households, and hospitals water distribution systems (Latifi et al., 2020; Delafont et al., 
2018; Armand et al., 2016). The subsequent isolation of pathogenic FLA in human nasal 
cavities, throat, human faeces, urine of critically ill patients, corneal biopsies, mandibular 
autographs and sinus, cerebrospinal fluids, lung tissue, and skin lesions suggest a 
possible exposure to these man-made environments (Bahreini et al., 2019; Tanveer et 
al., 2018a). It is, therefore, important to study ecology, interactions, and pathogenicity 
associated with FLA in these environments.  Although they also play a major role in the 
maintenance of soil fertility and nutrient recycling, FLA can cause infections in humans 
and animals. There are mainly four genera and or species of the FLA that are known to 
be pathogenic to human beings; the Naegleria fowleri; Sappiniaipe data; Acanthamoeba 
spp, and Balamuthia mandrillaris (Leichti et al., 2019; Bahreini et al., 2019). These FLA, 
to a large degree, are responsible for many opportunistic and non-opportunistic chronic 
and acute infections of the central nervous system (CNS), skin, and eye in humans 
(Cabello-Vilchez et al., 2020). This review will focus on the FLA, Acanthamoeba spp., 
which are the most abundant and have been implicated in most human infections. 
2.5 Acanthamoeba 
Acanthamoeba is a Free-living protist pathogen, discovered in 1930 as a contaminant of 
yeast culture. Its morphology and cyst size distinguish it from other FLA such as the 





environmental conditions, have an average diameter of 8 µm to 29 µm. They have a single 
nucleus and a double-walled structure, consisting of the ectocyst. This outer wall is 
wrinkled with folds and ripples and contains protein and lipid endocyst, an inner wall that 
contains cellulose. The outer wall can be star-shaped, hexagonal, polygonal, or spherical, 
having two or more pores known as ostioles, which monitor environmental conditions 
(Figure 2.2).  Acanthamoeba trophozoites (8 µm to 40 µm) reproduce by binary fission 
and have a single nucleus. It has one or more prominent contractile vacuoles, typical 
organelles, Golgi complex, smooth and rough endoplasmic reticulum, free ribosomes, 
digestive vacuoles, and spike-like projections on the cell membrane known as 
acanthapodia. The acanthapodia allows adhesion to surfaces, facilitates cellular 
movements, and captures prey. Acanthamoeba also contains prominent contractile 
vacuoles, whose function is to expel water for osmotic regulation (Nisrine et al., 2020; 
Puius et al., 2020). Varying size of Acanthamoeba led to the genus being placed in three 
groups (i, ii, and iii), with more than 24 species allocated to these groups based on their 
morphology. However, more specific molecular methods based on the 18S rRNA genes 
have described at least 20 genotypes for Acanthamoeba (T1–T20) based on sequence 
variation (Table 2:2). Based on this classification, at least 27 Acanthamoeba species have 
been assigned to different genotypes based on the small nuclear subunit ribosomal RNA 
gene (Malavin et al., 2020; Scheikl et al., 2016).  
Several Acanthamoeba species have been associated with opportunistic and non-
opportunistic human infections. The opportunistic infections include Granulomatous 
amoebic encephalitis and cutaneous Acanthamoebasis, which infect the central nervous 
system and skin, respectively (Paiuis et al., 2020; Króil et al., 2017). Other opportunistic 
infections that have been reported involve lungs, resulting in sinus infection opportunistic 
infections. These opportunistic infections usually occur in patients with immune-
suppressing and immune-compromising diseases such as HIV/AIDS, diabetes, the 
chronically/terminally ill, and those who have undergone organ transplant surgical 
procedures (Khan, 2006; Visvesvara et al., 2017; Ghadage et al., 2016; Memari et al., 
2017). Non-opportunistic infection results in amoeba keratitis, a vision-threatening 
corneal infection that may cause blindness in healthy individuals following corneal 
abrasions or corneal trauma due to injury. This infection is common in contact lens 
wearers with poor sanitary practices of lenses, like rinsing and storing in tap water or non-





the 20 genotypes identified to date, the T4 genotype has been implicated in more 
infections causing encephalitis, keratitis, and cutaneous Acanthamoeba than any other 
genotype. Other genotypes such as T1, T2, T10, T12, T18, and T20 have also been 
associated with encephalitis, while T3, T6, and T11 have been associated with keratitis 
(Table 2.2) (Khan et al., 2019; Corsaro et al., 2017). 
Table 2.2 Acanthamoeba genotypes and associated diseases (Corsaro et al., 2015). 
Genotype Species Disease 
T1 A. Species Encephalitis 
T2 A. Palestinensis; A. Pustulosa Encephalitis 
T3 A. griffin; A. pearcei Keratitis 
T4 A.castellanii, A. lugdunensis, A. 
polyphaga, A. rhysodes, A. divonensis, 
A. mauritaniensis, A quina, A. terricola, 




T5 A. lenticulate  
T6 A. palestinensis, A. hatchetti Keratitis 
T7 A. astronyxis   
T8 A. tubashi  
T9 A. comandoni  
T10 A. culbertsoni Encephalitis 
T11 A. hatchetti; A. stevensoni Keratitis 
T12 A. healyi Encephalitis 
T13 A.species  
T14 A.species  
T15 A. jacobsi  
T16 A. species  
T17 A.species  
T18 A.species Encephalitis 
T19 A. species  







The capability to produce severe human infections has given it great prominence. 
Acanthamoeba is associated with many skin and lung disease-causing conditions such 
as the common cutaneous lesions, sinus infections, advanced keratitis, and the rare but 
fatal granulomatous amoebic encephalitis (GAE). Immunocompromised contact lens 
wearers are usually at higher risk of contracting keratitis. A. Castellanii, A. Culbertsoni, A. 
Hatchetti, A. Healyi, A. Polyphaga, A. rhysodes, A. Astronyxis, and A. Divonensis are the 
known pathogenic strains of this species. Cases of GAE, for the most part, occur in 
patients with immune-suppressing and immune-compromising diseases such as 
HIV/AIDS, diabetes, the chronically/terminally ill and those that have undergone organ 
transplant surgical procedures with no recent history of exposure to recreational 
freshwater. There have been cases in patients diagnosed with this disease with standard 
healthy immune systems (Al-Herrawy et al., 2017; Khan et al., 2017). Acanthamoeba has 
also been isolated in human ear discharge, pulmonary secretions, maxillary sinus, 
mandibular autografts, stool samples, brain, lungs, skin, and cornea of infected 
individuals. This species has also been isolated in diseased cows, sheep, reptiles, 
pigeons, fish, turkeys, horses, and many more. The Acanthamoeba's veterinary 
significance creates an interest in controlling zoonotic diseases among farm and abattoir 
workers (Kang et al., 2018; Montoya et al., 2018; Karakavuk et al., 2017). 
2.6 Other clinically important FLA 
2.6.1 Sappinia 
Sappinia is another Free-Living Amoeba that generally lives in soil contaminated with 
faeces of elk, bison, and cattle. Many reviews of opportunistic FLA suggest that it is 
premature to conclude that Sappinia diploidea causes the dreadful insidious, chronic, and 
mostly fatal disease Granulomatous Amoebic Encephalitis (GAE). There is, to date, only 
one confirmed case of encephalitis caused by this organism. A relatively healthy young 
man’s death was attributed to Sappina diploidea (Cabello‐Vílchez et al., 2020). The 
Sappinia diploidea exists in both the built and in the natural environment. This species 
has been detected in Turkey's tap water in wastewater treatment plants in Spain and well 
water in Guinea Bissau (Üstüntürk-Onan and Walonchnik, 2018; 2020). This S. Sappinia 






Balamuthia mandrillaris is an opportunistic FLA that has been reported to cause skin 
lesions and the fatal Balamuthia amoebic encephalitis (BAE) in humans and animals 
(Cope et al., 2020). First revealed in 1965, only one species is known to be pathogenic, 
the B. mandrillaris. Most isolates have been found from encropsies while the non-clinical 
were isolated from organic-rich soil.  It is significant for its ability to cause central nervous 
infections and infections of the skin, sinuses, and lungs (Cope et al., 2020; Khan et al., 
2006). 
2.6.3 Naegleria 
Study of the first discovery of the Naegleria dates to the late 1890s by Schardinger, who 
named it ‘amoeba gurberi.’  It is believed to have been identified in Australia but evolved 
in the United States of America.  It is only in the early 1900s that its genus name - 
Naegleria, was given. It is an amoeba flagellate as it has a pear-shaped flagellate stage 
amoeboid and resistant cyst stage in its life cycle (Muchesa et al., 2016; Rice et al., 2020; 
Cook et al., 2020). The only known species to cause disease is the N. fowleri. The other 
known species to date are all non-pathogenic, comprising N. onaniensis, L. Jadini, N. 
australiensis, N. grubeni, and N. Andersoni (Johan, 2002; Martinez et al., 2019).  N. 
fowleri was identified as the causative agent for fatal human infections involving the 
central nervous system (CNS) around 1970 (Martinez et al., 1991). Environmental 
sources where it is common are hot springs, rivers, lakes, and freshwater. The most 
common disease that it is known to cause is the acute, fulfilmant, necrotizing and 
hemorrhagic meningoencephalitis, leading to death in healthy children and young adults 
with a history of recent contact with freshwater (Salahuldeen et al., 2020).  
Unfortunately, this infamous ‘brain-eating infection’ Primary Amebic Meningoencephalitis 
(PAM) is usually detected at a stage where little clinical intervention can be employed, 
resulting in death for most patients. The early detection of PAM requires highly sensitive 
and specific detection strategies. There have been records indicating infections occurring 
from other water sources in the built environment, such as inadequately chlorinated 
swimming pools. Surprisingly, no studies show infection resulting from ingestion, although 






2.7 Diagnosis of FLA infections 
Diagnosing FLA related diseases has progressed with the ever-increasing understanding 
of the species and technology (Janbon et al., 2020). Detecting the presence of amoebae 
in outbreaks, such as the one that affected war veterans in Philadelphia in 1977, was a 
challenge given the lack of information available (Mondno et al., 2020: Sherman, 2017). 
More recent studies have shown that the detection of amoeba pathogens using amoebal 
enrichment techniques plays a significant role in identifying many old and new pathogens 
from patients (Muchesa et al., 2016; Rice et al., 2020). These recent studies have also 
allowed researchers to better understand the biology of a species of interest, using 
functional genomics, proteomics, and cell biology. To better characterize the microbial 
biodiversity, various molecular approaches are available, such as a coupled cloning and 
sequencing method, and metagenomics using new pyrosequencing techniques such as 
the 454 and Solexa/Illumina technologies (Shendure et al., 2021). Most infections caused 
by these amoebae are ultimately fatal, so diagnosis is often made at autopsy, even in 
developed countries where sophisticated diagnostic facilities are readily available. 
However, in Sub-Saharan Africa and Southeast Asia, where HIV/AIDS is rampant, many 
cases may have gone undetected (Mungroo et al., 2019: Tanveer et al., 2018a). 
2.8 Impact in South Africa 
South Africa like many other developing countries globally, is often hit the hardest when 
it comes to infectious diseases associated with FLA. Statistics however on FLA related 
infections are limited, creating the urgency for increased antibiotic stewardship. The 
Centers for Disease Control and Prevention (CDC) in the United States of America 
maintains a free-living amoeba registry where lab confirmed Balamuthia cases are 
recorded. A publication 2019 cites that only 109 cases were entered into the register 
between the years 1974 and 2016 (Cope et al., 2019). A study by Ramsamy et al (2018) 
analysis the trends of FLA organisms (ESKAPE) over a 5 year period in Kwazulu Natal, 
South Africa.  
 
2.9 FLA interactions with clinically relevant bacteria 
FLA are important, ubiquitous predators that help in nutrient recycling in soil, water, and 
air by interacting and feeding on bacteria, fungi, algae, viruses, and other protozoa 
(Balczun and Scheid, 2017). Generally, FLA internalizes other microorganisms by 





of the organisms have evolved to survive these strategies in internalization and digestion. 
These microorganisms not only survive, but some can multiply inside their FLA host. They 
can then be released into the environment by lysis or as vesicles. Organisms in this 
category are collectively known as “endocytobionts” (Long, 2018; Scheid, 2014). These 
endocytobionts can be divided into three groups: those who survive without multiplication; 
those who multiply and causing lysis of FLA cells; and those packaged and expelled in 
amoebae vesicles. This review will focus on the bacterial endocytobionts that are of 
importance in healthcare environments. 
2.9.1 Clinically relevant bacteria associated with HAIs 
Some bacterial species that have been reported to be associated with HAIs have been 
grouped into the World Health Organisation's global priority list of antibiotic-resistant 
bacteria. These species can be used to guide research, discovery, and development of 
new antibiotics. These bacteria have been carefully selected based on their healthcare 
and community burden, the prevalence of Resistance, preventability in hospital and 
community settings, and treatability, among others (WHO, 2017). They include 
Enterococcus faecalis; Staphylococcus aureus; Klebsiella pneumoniae; Acinetobacter 
baumannii; Pseudomonas Aeruginosa, and Enterobacter species (Sirijan and 
Indrawatana, 2016) (Table 2.3).  All these bacteria have been identified as a significant 
cause of multi-drug-resistant bacterial infections that include systemic blood, respiratory 
tract, urinary tract, ocular, gastrointestinal tract, and skin infections in healthcare settings 
(Pfalzgraff et al., 2018). To date, the prevalence of these organisms in the hospital 
environments of South Africa is still unknown, making the need for vigorous research and 
development of suitable treatment options significant. In this review, bacteria from each 
priority level with particular significance in health care facilities will be discussed 
(Muchesa et al., 2018). 
Table 2.3 The WHO priority pathogens list for research and development (WHO, 2017) 
Critical: priority 1 High: priority 2 Medium: priority 1 
Acinetobacter baumannii Enterococcus faecalis Streptococcus 
pneumoniae 
Pseudomonas Aeruginosa Helicobacter pylori Haemophilus influenza 
Enterobacteriaceae Campylobacter Shigella 









2.9.1.1 Acinetobacter baumannii 
Acinetobacter baumanii is a Gram-negative bacillus that is infamous for its microbial 
Resistance and propensity to cause massive, complicated nosocomial infections. The 
genus Acinetobacter comprises 17 validly named and 14 genomic species (Cayô et al., 
2016). It is notorious for surviving on inanimate objects such as ventilation equipment, 
bed rails and clothes, linen, sinks, doorknobs, and many more surfaces for weeks, placing 
an even greater need for disinfection products that can inactivate it.  It is found naturally 
in water and soil and has been implicated in outbreaks from patients hospitalized in 
Intensive Care Units (ICU) and general hospital settings (Nielsen, 2018; Wong et al., 
2017). The main route of entry is pulmonary due to its high rate of tracheotomy. Ventilated 
patients are at the highest risk, followed by those who have open wounds. It is also 
commonly known to cause community-acquired bronchiolitis and trachea bronchitis in 
healthy children. Hospitalized patients are at risk of severe blood or wound diseases and 
pulmonary diseases (Lee et al., 2018). Acinetobacter lack cilia and flagella, rendering 
them motionless, which is where their name originates. Most of their species are harmless 
to man except the Acinetobacter baumanii, responsible for 80% of all acinetobacter 
infections (CDC). Five species are occasional pathogens; A.calcoaceticus, A.lwoffi, 
A.junii, A.johnsoni, and the A.buyly. Acinetobacter can spread from person to person 
(infected or colonized patients usually) and exposure to contaminated environments. 
Some documented mechanisms of Resistance include aminoglycosides, broad-spectrum 
Beta lactamases, carbapenemases, and altered penicillin. Biofilm plays a crucial role in 
increasing the general pathogenicity of the A.Baumanii (Harding et al., 2018). Over 700 
American soldiers have contracted A. Baumaniii during their stay in military hospitals 
since 2003. More cases have been reported among British and Canadian soldiers. The 
WHO documents that among 27 countries reporting resistance results for more than 10 
A. Baumannii isolates, 12 had percentage rates of carbapenem resistance of 50% or 
higher (Merir and Demir, 2020; Harding et al., 2018; Lee et al., 2017). 
2.9.1.2 Pseudomonas Aeruginosa 
P. aeruginosa is a common Gram-negative, rod-shaped bacterium of the phylum 





human pathogens associated with pneumonia, urinary tract infections, and surgical site 
infections among patients with weak or compromised immune systems (Devnath et al., 
2017). They are found in soil, water, and plants with high tolerance levels for various 
harsh environmental conditions, including limited nutritional needs (Forsyth, 2020).  
The species has also been isolated in humans, animals, plants, sewage, and hospital 
settings. These bacteria are mono-flagellated and range between 1-5 micrometers Long 
and 0.5-1.0 micrometers wide. Respiration is optimally aerobic even though they can 
respire anaerobically using nitrate or other electron receptors. They can catabolize 
various organic molecules, including benzoate, enabling them to thrive in oligotrophic 
aquatic ecosystems. This species' presence in soil results in breaking down the polycyclic 
aromatic hydrocarbons and making rhamnolipids, qunolenes, hydrogen cyanide, 
phenazines, and lectins. This unique ability makes them incredibly challenging to 
eliminate. Their invasiveness and toxicity allow them to attach and colonize the human 
system creating a local infection and finally leading to the spread and disease/infection 
(Crone et al., 2020). P. aeruginosa is a mixture of variable accessory segments and 
conserved core with a genome size of approximately 5 to 7 million base pairs. The core 
genome comprises multiple genes and a low-level nucleotide divergence of 0.5%. The 
cytoplasm of this organism contains a single circular chromosome. It carries 
chromosome-mobilizing plasmids such as the TEM encoded for beta-lactamase 
production, increasing its Resistance to antibiotics (Crone et al., 2020).  
2.9.1.3 Enterobacteriaceae 
Enterobacteriaceae, along with many harmless symbionts, many of the more familiar 
pathogens, such as salmonella, Escherichia coli, Yersinia pestis, Klebsiella, and Shigella. 
Other disease-causing bacteria in this family include Proteus, Enterobacter, Serratia, and 
Citrobacter (Haque, 2018; Matyar, 2016). 
2.9.1.4 Enterococcus faecalis 
E. faecalis are Gram-positive in non-motile and non-capsulated cocci inhabiting the 
gastrointestinal tract of humans and other mammals and can also be found in the mouth 
and vagina (Mahon et al., 2018). The existence of E. faecalis in faecal matter also enables 
them to be readily recoverable in vegetation and surface water due to probable sewage 
contamination. They are of particular significance in hospital settings because of their 





Enterococci (VRE) (Lablanc et al, 2019). About 80% of human beings live with these 
bacteria without falling sick. Still, disease progression occurs when they migrate to other 
parts of the body, especially when one has a weakened immune system. VRE were 
previously referred to as Streptococcus faecalis (Lazaris et al., 2017). Colonies of these 
antibiotic-resistant bacteria (ARB) are usually arranged in pairs or short chains. They 
thrive in temperatures ranging from 30 to 40 degrees Celsius. Ingestion is the most 
common mode of transmission, and it is spread from person to person when hands are 
not washed properly after using the toilet (Lablanc et al., 2019). 
2.9.1.5 Serratia species 
Serratia species are Gram-negative, rod-shaped, facultative anaerobes that belong to a 
large family of Enterobacteriaceae. The species have straight rods with rounded ends 
that are not spore-forming and are usually immotile through peritrichous flagella (Rigsbee 
et al., 2019). The species are not usually part of the human flora but are widely distributed 
in soil, sediments, water, and plant roots. They grow in pH levels that range from 5 to 9 
with a red pigmentation called prodigiosin, which makes colonies appear opaque, white, 
pink, magenta, or red on selective media. There are over 13 known species that include 
S.  ficaria, S. fonticola, S. liquefaciens, S. odorifera, S. plymuthia, S.rubidaea, and 
S.marcescens (Williams et al., 2019). S. marcescens is the primary pathogenic species 
of the genus were it had been implicated in bacteremia, pneumonia, meningitis, urinary 
tract infections, intravenous catheter-associated infections, osteomyelitis, endocarditis, 
and less commonly endogenous and exogenous endophthalmitis (Gronthoud, 2020). 
Gastroenteritis, septic arthritis, otitis externa, intraperitoneal abscess are also frequent 
conditions associated with this organism. It is a common cause of nosocomial infections 
in neonates, where mortality of 44% has been reported (Simsek et al., 2019). Serratia 
epidemics can be caused by contact with a common source by patients and health care 
workers. Patients can also spread it to others, although recent data suggests that it can 
also be community-acquired (Sharifipour et al., 2020). 
2.9.1.6 Shigella species 
Shigellae are fermentative Gram-negative, non-motile, facultatively anaerobic, non-
spore-forming rods. These organisms belong to the tribe Escherichia of the 
Enterobacteriaceae family. There are four strains of this genus; S. dysenteriae, S. boydii, 
S. flexneri, and S. sonnei. They are usually catalase-positive and don’t produce gas from 





because they are so closely related to E-coli. Their size ranges between 0.4-0.6 
micrometers across and 1-3 micrometers longs. Infection begins through the shigellae's 
ingestion, with the most apparent symptom being bloody diarrhoea (Saheed et al., 2020). 
The bloody diarrhoea is possibly due to the increased volume of enterotoxins and 
cytotoxins present in the colon.  
The organism passes through the system, causing ulceration and colitis of the mucosa. 
Other clinical manifestations include abdominal pain due to the inflammation in that region 
as part of the body’s defence mechanism, vomiting, fever, convulsions, and dehydration. 
The type of stool released is typically bloody with mucous, different from the diarrhoea 
caused by E coli, which tends to be watery. This then becomes one way that shigellosis 
is diagnosed, although many infections caused by S. sonnei present with stools that are 
also mucous but with no presence in neutrophils (Shad et al., 2020).  
Bacillary dysentery is common in children living in developing countries with little access 
to proper sanitation facilities and potable drinking water. Constant exposure in young 
children can sometimes contribute to stunted growth. Travelers from developed countries 
where sporadic food and waterborne outbreaks have occurred can be exposed when 
traveling through endemic regions (Sethuvel et al., 2020; Torraca et al., 2019). 
S.sonnei and S. flexneri are the two most common strains that cause shigellosis globally, 
with 10-20% of enteric cases attributed to them. The distribution of these two species 
differs from S.sonnei reported in middle-income to high-income countries and the latter in 
the low-income countries. Increased access to proper sanitation is said to be one of the 
best ways to combat exposure. The S. sonnei strain, however, continues to thrive in 
countries where access to sanitation is considerably efficient. FLA is a major enabler of 
this, the ability to aid many bacteria against popular treatments by engulfing them, thus 
offering protection for a minimum of three weeks. However, some of these strains cannot 
reproduce within the amoeba, even though they remain viable (Lee et al., 2017). 
 
2.9.1.7 Stenotrophomonas maltophilia 
Stenotrophomonas maltophilia is a Gram-negative, rod-shaped, aerobic, motile bacillus 
that can persist in nutrient-poor aqueous environments (Al-Anazi and Al-Jasser, 2014). 
S. Maltophilia has been isolated from water treatment plants, rivers, and water distribution 





devices such as hospital suction tubing, dental suction system hoses, prosthetic devices, 
and ice machines, showers, bathtubs, and air conditioning systems (Brooke et al., 2017;  
Groschel et al., 2020). S. maltophilia is an emerging new drug-resistant opportunistic 
pathogen that has been implicated in infections and diseases that include pneumonia, 
bacteremia, skin infections, meningitis, eye infections such as scleritis, and 
gastrointestinal tract infections (Sefcick et al., 1999; Liao et al., 2020). Resistance to 
antibiotics such as cephalosporins, carbapenems, chloramphenicol, aminoglycosides, 
polymyxins, macrolides, ticarcillin-clavulanate, and ceftazidime has been reported 
(Tshitshi et al., 2019). 
2.9.1.8 Salmonella typhi 
Salmonella typhus, a rod-shaped, Gram-negative facultative aerobic, motile bacteria that 
serves as a serovar of salmonella enteric. These bacteria are usually 1.3 by 1.5 
micrometers in size 8-20 members originating from the salmonella: enterobacteriaceae 
family (Balczun and Scheid, 2017). S. Typhi is commonly known to cause typhoid fever. 
Their main form of energy is extracted through chemical reactions (Cheng et al., 2017). 
They are found in soil, plants, and human excreta. This facultative intracellular parasite 
invades the body through the ingestion of contaminated water or food. The bile ducts get 
infected, and the bacteria is multiplied and released in the intestines, although it is 
primarily lymphatic origin sepsis (Wong et al., 2016; Crump et al., 2019; Kaushik et al., 
2019). These capsules can cause fatality due to the ability to spread to other tissue/or 
organs with blood, such as bone marrow and spleen. Incubation lasts for approximately 
three days with mild fever symptoms increasing to 40 degrees celsius if left untreated. 
Other symptoms include fatigue, dizziness, insomnia, oliguria, apathy, rash, malaise, 
anorexia, nausea, vomiting, and diarrhoea (Awofisayo-Okuyelu et al., 2018).  
2.10 Acanthamoeba 
Acanthamoeba is a free livingamoeba that can cause infections in human beings and 
animals. The most common diseases that they are known to cause in humans are 
amoebic keratitis and encephalitis. The latter occurs when the acanthamoeba enters the  
body through cuts in the skin or through the lower respiratory tract  and makes its way to 
the central nervous system via hematogenous dissemination. They are found worldwide 
and frequently in freshwater (Kalra et al., 2020). The basic morphology is similar to the 
other types of amoeba, it has the trophozoite. The Acanthamoeba have fillaments similar 





them to draw and push liquid out preventing the cell from lysing. The cyst form of the 
Acanthamoeba can lie dormant for a very long time in extreme conditions mainly due to 
its double layered wall (Anwar et al., 2019). 
Most individuals infected with Acanthamoeba keratitis show symptoms of eye pain, eye 
redness, blurred vision, sensitivity to light, constant sensations of something in the eye 
and excessive tearing. Clinical manifestations for Granulomatous Amebic Encephalities 
(GAE) are mental state changes, loss of coordination, blurred vision, paralysis affecting 
one side of the body and neurological problems (Babikir and Singh, 2020). 
Treatment for Acanthamoeba diseases or infections include propamidine isethionate, 
chlorhexidine, keratoplasty and sometimes a combination of propadimine, miconazole 
nitrate and neomycine has been suggested (Bunsuwansakul et al., 2019). 
2.11 Hospital infection prevention and Control Methods 
Infection Prevention and Control (IPC) methods are management systems that have 
become compulsory in the health sector by advancing technology and information 
availability. Various international organizations like the WHO, UN, and many others have 
published much literature on IPC standards that the world should adopt (WHO 2020; Storr 
et al,. 2017).  Focus is increasing on health care institutions with studies indicating that 
the average length of stay for an admitted patient increases when they contract an 
infection during their stay in the hospital. A decreased burden on the financial resources 
is needed to administer medication and render care. Estimates are that 10-15% of 
patients acquire infections during their stay; out of that, about 29% are pneumonia-
related, 26% are bloodstream infections, 17% urinary tract infections, and 9% are surgical 
site infections, all of which have some relation to the FLA (Delafont et al., 2018). One 
such adoption is the manual of evaluation indicators of nosocomial infection control 
practices used in Brazil to measure the adherence to nosocomial IPC practices in 
hospitals.  A study conducted in Sao Paulo in 2013 reviewed the compliance to this tool 
with 61% of the hospitals audited reporting to have a professional with higher education 
and training qualification responsible for IPC challenges for every 200 beds as per the 
Brazil Ministry of Health’s requirements (Moirera et al., 2018). The same study found that 
only 76 % of the hospitals provided enough data to allow for proper epidemiological 
surveillance of HAIs. Accuracy and record-keeping of HAIs in parts of South Africa remain 





decontamination of surfaces, and proper hand-washing practices to Control and manage 
the occurrence of Environmental pathogens that may cause HAIs (WHO, 2017). 
2.11.1 Biocides 
Biocides are defined as ‘products intended to destroy, render harmless, prevent the action 
of, or otherwise exert a controlling effect on any harmful organism by chemical or 
biological means.’ There are many biocidal substances available in the market that have 
various characteristics that allow them to perform several infection control functions 
(Barak, 2017). These products cater to preservatives including in -can, wood, fiber, 
leather, rubber and other polymerized materials, masonry preservatives, those used to 
preserve liquid-cooling and processing systems, slimicides (used on organisms that 
produce slime), and metal working-fluid preservatives (Barbero-López et al., 2020). In the 
healthcare sector, biocides are very common, and they are used for human hygiene, 
public health disinfectants, and sterilants, including drinking water and surface 
disinfectants (Ahmed et al., 2019; wand, 2017). Due to the ever-increasing battle against 
healthcare-associated infections, biocides used in health care settings need to be 
registered. The United States of America requires that they be registered with the US-
EPA (Environmental Protection Act) (Firestone et al., 2016).  
Bio-dispersants are biocidal products that are added to drinking water to eliminate any 
harmful micro-organisms at the waterworks and in the distribution system to ensure that 
the water that reaches the consumer is fit to drink. Chlorine has been the most used in 
the last century (Reynolds-Clausen, 2019). There are some studies, however, that do not 
favour this form of treatment and prefer ozone and chlorine to avoid the creation of 
unwanted by-products. In some countries, disinfection in the distribution system is always 
performed with chlorine or chloramines with water being a potential agent of harmful 
microorganisms, it is important to ensure that patients consume treated water at all times 
(Reynolds-Clausen, 2019). 
2.11.2 Physical cleaning 
Most cleaning practices in healthcare facilities include disinfecting surfaces, instruments, 
and floors with biocide products. The same cleaning practices are employed in rooms 
that house isolated patients. There are no set standards for how often cleaning should 
take place. It is often left to the discretion of the facility. The use of biocides in cleaning 





indiscriminate use of biocides is a growing challenge in the health sector, with various 
infectious organisms still being detected even after vigorous cleaning procedures. Many 
studies indicate that the indiscriminate use of certain active substances in biocidal 
products contributes to the occurrence of antibiotic-resistant bacteria (Donaghy et al., 
2019). Traditional cleaning will not yield the same effect when dealing with harmful 
microbes, such as the infamous Methicillin-Resistant Staphylococcus aureus (MRSA), 
vancomycin-resistant enterococci (VRE), norovirus, multi-resistant Gram-negative bacilli, 
and clostridium difficile (Dunne et al., 2017). 
2.11.3 Decontamination 
This term is common in healthcare settings and s used primarily to describe the process 
of cleansing an object or substance to remove contaminants such as harmful microbes 
and hazardous material that includes but is not limited to chemicals (Nyhsen et al., 2017). 
This popular procedure is perceived as a Key element supporting thorough cleaning, thus 
preventing/decreasing HAIs. Surfaces are ‘decontaminated’ using both chemicals and 
heat, leaving room for error, given the infrastructural challenges that many facilities 
continue to have even presently (Chun’ai et al., 2019).  
Autoclaves are used to sterilize instruments that are used for surgical procedures and 
infant feeding. The prevalence of surgical site infections due to P. aeruginosa has resulted 
in South African hospitals being mandated to report on these statistics weekly (Essel et 
al., 2020).  It is not uncommon for autoclaves not to work for weeks on end due to 
contractual challenges and inadequate maintenance plans, while in other instances, the 
appropriate chemicals are lacking. These shortcomings hinder the success of the 
decontamination process (Reinhardt et al., 2018).  Alternatives are not abundant in 
developing countries. The efficiency of the products being used is sometimes 
questionable. Studies report that bacterial and viral loads on surfaces and instruments 
decontaminated with these chemicals are significantly higher than those promised 
(Nhysen et al., 2017) 
2.11.4 Handwashing 
More and more studies are emerging, indicating poor handwashing practices among 
healthcare workers (Laher et al., 2020; Alegbeleye et al., 2020). In the past, it could be 
attributed to the lack of infrastructure and little knowledge available on the significance 





consequence management seems to the single biggest reason for the inadequate 
handwashing practices among healthcare workers in both well and under-resourced 
facilities.  A study conducted in Brazil in 2013 focused on the HAIs in hospitals found that 
78% of the audited hospitals fell within the partial and non-compliant category in the 
availability of mandatory recommendations for hand-washing. Similar findings are 
reported in America, Germany, and England.  A growing problem also seems to be the 
lessened IPC training, which ordinarily includes handwashing in Allied workers’ 
undergraduate studies. It becomes a culture shock when new graduates enter the job 
market, and lack of accountability results in non-compliance (Alegbeleye et al., 2020). 
The increasingly minimal availability of water in countries like South Africa has resulted 
in exploring water-saving methods that may compromise proper handwashing (Ayodele 
and Munda, 2019) It is not uncommon to find alcohol rubs being used instead of the full-
on scrubbing procedure required before a surgical procedure, for example. The challenge 
then arises from the reliability of these hand rubs. Blue light studies indicate that they are 
sometimes worse than when used (Singh et al., 2020). 
 
2.12 System design 
2.12.1 The hand-wash station 
The structure of older hospitals, particularly in developing countries, does not support 
advanced infection control functions (Maphumulo and Bengu, 2019). Handwashing 
stations often allow for the spread of infections through droplets. The basins are 
sometimes too shallow, while the pressure of the water is too high. These shallow basins 
result in the inadequate containment of the possibly contaminated droplets that end up 
on the healthcare worker who then goes back to attend to a patient, resulting in the 
contraction of diseases by the patient. Droplets that end up on the floor are wiped up with 
a mop, which does not get washed immediately or effectively to reduce the dirt load as 
these droplets are regarded as harmless. Smaller droplets that land on the surrounding 
surfaces are commonly left to air dry, increasing the exposure to healthcare workers and 
patients. Some technologies offer handwashing facilities with little control over the 
droplets and splashes. The machine dispenses liquid handwashing soap with water and 
works by placing one placing their hands into an opening where scrubbing of the hands 





challenge in public facilities in South Africa that receive these automated machines as 
donations and battle to secure a maintenance plan due to the stringent procurement 
system (Moleko et al., 2018). Handwashing is one of the most reliable forms of decreasing 
the chances of nosocomial infections. Healthcare workers perform many tasks that result 
in the contamination of their hands. The effectiveness of this ‘first line of prevention’ is 
dependent on both the person and the hand wash station. Weibrein (2018) discusses vital 
points to consider on the three main components that make up a typical handwash station: 
the outlet, the basin, and the accessories.  
The outlet needs to be simple to prevent biofilm. FLA and associated endocytobionts have 
been isolated in biofilm many times, even in this study. This outlet needs to be easy to 
remove to allow for proper cleaning. Like many others in developing countries, the 
hospital was built more than 40 years ago with outlets on taps that have become nearly 
impossible to remove, thus creating more opportunities for biofilm to settle and harbour 
pathogenic organisms. The outlet needs to accommodate a strainer that allows air to be 
drawn in, creating a slower water flow, which decreases splashes even if the water 
pressure is high. Water droplets that splash onto surfaces during handwashing can serve 
as a vehicle of pathogen transmission. New facilities are installing sensor taps to replace 
the traditional elbow taps. However, biofilm build-up problems are not being addressed 
with this new version and can be viewed as worsening the crisis. The more complex 
sensor taps outlet can make it difficult to clean, making it an unfavourable option. The 
basin needs to allow for the effective capturing of this water, guide it onto the drainage 
system swiftly to prevent blockages and reduce the possibility of splashes. The third and 
last feature discussed is the accessories that need to be available to enable the 
decontamination of hands. The reliability of these solutions is becoming increasingly 
questionable, with more and more studies showing a minimal decrease in biological 
contaminants even after using these products.  
2.12.2 The ventilation system 
The ventilation system comprises of simple and complex mechanisms installed to ensure 
the sufficient dilution of airborne contaminants from in-door spaces. If properly designed, 
ventilation can be used as an essential primary environmental control measure to control 
airborne contaminants (Godish, 2016). Dysfunctional systems, in contrast, can further 
distribute contaminants and increase the risk of acquiring diseases such as tuberculosis. 





universal application of a volumetric room air exchange rate. This policy has also been 
widely adopted for other airborne infections, emphasizing the air changes per second. 
This policy and recommendation need to be supported by a fully functional mechanical 
or natural ventilation system, which is not always possible.  In cases where it cannot be 
achieved, the Ultraviolet Germicidal Irradiation (UVGI) technology is recommended. 
There are different types available on the market and should be installed after careful 
consideration (Cooker et al., 2001; First et al., 2007). Most efficacy studies on similar 
technology to UVGI are lab-based, and these results should be treated with caution as 
conditions differ in the actual environment. There are not enough lab-based studies on 
technology due to the challenges of mimicking real-life situations in over-crowded 
hospitals. To date, it is assumed that only one laboratory has managed to overcome this 
hurdle. For the most part, South African public hospitals have the upper room version, 
which needs to be supported by proper air conditioning. These devices' effectiveness is 
decreased, but they can be a potential risk to the occupants (Sing et al., 2018; Matuka et 
al., 2015). The use of the current UVGI lights as a potential transmitter of pathogens is 
further exacerbated by the lack of functional maintenance plans for both the UVGI and 
ventilation systems. This environment creates an optimum breeding site for the FLA 
organisms and other pathogens (Ngcobo et al., 2019). 
2.13 Handling of biological material 
The possibility of exposure to biological material can be significantly increased by poor 
infrastructure in a hospital. Sluice rooms serve as decontamination centres for biological 
contaminants before the next step of infection control (Singal and Matthews, 2018).  In 
the case of biological waste taken from immobile patients, it would be taken to this room, 
flushed down the sink, and the containers would then be cleaned using appropriate 
chemicals. The waste that cannot be flushed down would be put in a suitably coloured 
plastic container, usually red, in South African hospitals (Arafa and Eshak, 2020). These 
rooms are sometimes neglected in ‘deep cleaning’ procedures even though they contain 
arguably the highest amount of pathogenic material. Equally important is the handling of 
linen –particularly from highly infectious patients ––that ends up in the same sluice room 
even though It should be treated separately, which is not always possible in inadequate 
resourced busy public facilities. Healthcare workers who handle this linen are highly 





ideal setup, isolation wards should have two entrances that allow for the proper 
prevention of cross-contamination (Ding et al., 2020). 
2.14 Regular monitoring 
Many of these great systems require monitoring and evaluation to yield optimum results. 
The gross shortage of staff in the healthcare sector in general and especially in 
developing countries often puts IPC at the bottom of the list of priorities (Assefa and 
Abunna, 2018). There are monitoring standards and personnel employed to render this 
service, but their effectiveness is directly linked to the legislative framework, 
organizational support, and economic factors. Preventative care is often at odds with the 
curative (Townsend, 2017). Curative being the hospitals' core business, it becomes that 
much harder to achieve desirable preventive care. South African healthcare facilities are 
audited using the national core standards (NCS) (Moleko et al., 2018), which focuses a 
significant portion on IPC. The NCS audit results are also presently used to assess 
healthcare facilities’; readiness to implement the South African national health insurance 
(NHI). The same data also confirms the challenges of compliance in this area (Khan et 
















Chapter 3:   
Materials and methods 
3.1 Introduction 
This Chapter is divided into three phases: walk-through surveys, sampling, analysis of 
samples.  In the first phase, high-risk sampling areas (to the patients) in the Paediatric 
Burns Unit of a Johannesburg hospital were determined. The sampling phase involved 
collecting water, biofilm, and surface samples from the identified risk areas. The collected 
samples were then analyzed for the presence of Acanthamoeba spp. and associated 
bacterial species. 
3.2 Study setting 
The Johannesburg hospital where this study took place, has a staff capacity of at least 
2000, servicing an average of 800 outpatients on a typical weekday, which usually 
doubles during the festive season. It has an 840-bed capacity, although the bed 
occupancy ranges between 110%-120%. The population catered for is naturally high due 
to the hospital's proximity to a large and densely populated informal settlement located in 
the semi-urban township. The hospital offers a wide variety of clinical services such as 
maternity, surgical, dental, and general, naturally attracting patients from low-income 
households dependent on sources other than electricity for power. The use of unsafe 
power sources contributes to many paediatric patients hospitalized due to burning injuries 
from hot water spillages, paraffin stove accidents, and various respiratory conditions 
associated with poor indoor air quality (Peck and Toppi, 2020; Jafta et al., 2019). The 
hospital is classified as a tertiary hospital located in Johannesburg, South Africa. Built-in 
1972, minimal improvements have been made to the original structure. However, as a 
recent addition, the Paediatric Burns Unit (PBU) was not adequately designed to 
accommodate the structural requirements that infection prevention and control (IPC) 
requires (Chetty et al., 2016). 
3.3 Sampling areas 
A walk-through assessment was conducted in the hospital under study before choosing 
the PBU as the primary sampling area. Areas that are at high risk for waterborne diseases 





to support the community's various medical needs. Set out on a relatively FLA landscape, 
the hospital has many wards for in-patient care; pre-and post-surgical care (8 wards), 
medical (7 wards), general paediatric (3 wards), maternity and labour (3), intensive care 
units (3) and the Paediatric and Burns Units (2 wards) outpatient care areas in the hospital 
include surgical (1 ward), medical (1 ward), accident and emergency Unit, gynaecological 
and general maternity (2 wards). These areas operate like clinics and are situated on the 
perimeter and at the hospital's main entrance (shaded in blue on appendix iii). Allied 
services are also provided with Dietetics, Physiotherapy, Occupational therapy, Clinical 
psychology, Social work, Speech, and audiology departments scattered across the 
hospital, providing services to both in and out-patients (see appendix i and ii). The PBU 
specializes in the treatment of burn and burn-related injuries in children under the age of 
12. It is next door to the adult burns Unit, and staff sometimes alternate between Units. 
The selection of the sampling spots was based on accessibility. These are the sampling 
points where Acanthamoeba have been known to thrive according to literature expanded 
on in Chapter 2 of this study. The frequent contact between healthcare workers, patients 
and visitors was also a determining factor for the sampling of surface areas.  
3.4 Limitations of the study and possible further study opportunities 
The sampling was limited to only environmental surfaces, water and patient files. The aim 
was establishing the prevalence in the environment. Healthcare worker hand swabs, 
Personal Protective Equipment swabs can be something to consider in future as they 
definitely have a role to play in the spreading of HAIs. Access to patient burns for the 
purpose of obtaining swabs on burns was prohibited.  
3.5 Examination Room 
The Examination Room is used as the central area for various healthcare workers to 
thoroughly check/monitor a patient's progress. This room includes the regular medical 
checking of burn injuries and other burn-related conditions in patients initially hospitalized 
in the PBU. Out-patients are also accommodated in this room before being sent off for 
new dressings in the dressing rooms. It also houses the emergency clinical equipment 
used for resuscitation of patients. It is the most frequently used room by medical officers 





3.6 High Care Units 
There are three rooms dedicated to intensive care, reserved for patients with third-degree 
external and internal burns. Most of these patients are usually ventilated, bedridden, and 
receive intensive around-the-clock care.  Infection, prevention, and control is a critical 
component of handling cases in high care units. Sometimes they serve as isolation rooms 
for patients with highly contagious diseases but meet the criteria to be treated for burn 
injuries. Visitation is strictly guarded, and only natural ventilation is used. The units also 
have one handwashing basin in each with bed baths administered once a day. 
As per the hospital policy on patient visitation, children under the age of 12 cannot enter 
the units. The rooms do not allow for comprehensive isolation practices, which would 
involve a two-door entry and exit system with decontamination stations on each exit/entry 
point, and suitable change rooms, among other requirements. Space inside these rooms 
ideally allows for only one patient to be housed at a time. Still, exceptions are made during 
peak seasons where two patients share a room, provided they do not have contagious 
diseases. The unit has enough medical equipment to provide the necessary care. 
3.7 General wards 
Two general wards accommodate patients with 1st and 2nddegree burns but no internal 
burns and no highly contagious diseases. These wards can accommodate up to 40 
patients under normal circumstances and 44 during peak seasons like the winter and 
festive seasons. There is no gender classification in these units. Ward A houses newborn 
to ages 6, while Ward B is reserved for patients aged 7 to 12 years old. Each ward has 
two ablution facilities, for males and females, with their basins. There is a general ward 
basin stationed outside these toilets and is used for hand-washing mainly by staff 
members working in the wards. 
3.8 Wound dressing rooms 
Dressing of wounds is done in wound dressing rooms at least once a day, where patients 
are placed on the same stretcher, ideally with large gauzes for infection prevention and 
control (IPC) purposes, which are removed after each dressing-case. Patients that have 
been discharged also utilize the services offered in these rooms, such as wound 
monitoring and dressing, and are seen once a week in the mornings. The bathing 
facilities, including the cooling tub, standard shower, and hand wash basin, are ideal 





conditions are allowed in these rooms. The showers rarely get used, making them a 
perfect sampling point for possible waterborne pathogens that tend to accumulate in 
stagnant water, forming a thick biofilm. The cooling tubs pictured on the next page (Figure 
3.1) are used to dispose of bathing water from the bowls shown below that patients use 
to bucket wash with the nursing staff's assistance to prevent contamination of their 
wounds. Patients who are severely burned are cooled down in these tubs (primary use of 
the tubs) on arrival before their injuries are treated. 
 
Figure 3.1 Cooling tub with plastic bathing bowls in the PBU 
 
3.9 Sample collection  
A total of 254 water and surface samples (71 water, 78 biofilms, and 105 surfaces) were 
collected over four months, from August to November 2017. Samples were collected from 
the examination room, general wards, intensive care units, and dressing rooms. The 
sampling spots included cooling tubs and basin taps, basins, bathing bowls, showers, 
patient files, stretchers, recording charts, air conditioning inlets, and dressing trolleys 
identified during the walk-through assessments conducted in May 2017. A random 
sampling strategy was followed to collect and analyze water or swab samples. Water 
samples were collected from both the cold and hot water systems. These samples were 
collected once every two weeks from the water distribution systems and surface 
environments of the Paediatric Burns Unit. Biofilm samples were collected using sterile 
swabs by swabbing the inside surfaces of handwashing basins (Figure 3.2) and patient 







Figure 3.2 Handwashing station in the PBU 
 
 
Figure 3.3 Patient shower in the PBU 
Surface samples were also collected with a sterile wet swab (dipped in sterile pages 
amoebal saline) from basins, patient files, and recording charts (Figure 3.4), stretchers, 
and cooling tubs and bathing bowls (Figure 3.1). Water samples were collected after 
running the taps for 1–2 min in 1 L sterile sampling bottles containing 5 mg/L sodium 
thiosulfate (Merck, SA) to neutralize the chlorine disinfectant oxidizing biocides which may 
be present at the time of sampling.  At each sampling site, water temperature, pH, and 
turbidity were measured with a portable COMBO TESTER® (Hanna, SA) according to 
the manufacturer's instructions. Residual chlorine was measured using a chlorine 







Figure 3.4 Recording chart and patient file in the PBU 
3.10 Sample analysis 
3.10.1 Isolation of FLA 
For each water sample, 500 mL was filtered through a cellulose nitrate membrane 
(Millipore, SA) with a pore size of 0.45 µm. Each filter membrane was placed upside down 
with nutrient agar (NNA) plates overlaid with a suspension of heat-killed Escherichia coli 
(100µL for each plate). Swabs were vortexed at maximum speed for a period of 30s in 10 
mL page's amoebal saline buffer (PAS) in individual sterile tubes. Each surface swab 
sample underwent 10 mL filtration. The suspensions were then concentrated and 
inoculated on NNA plates as water samples. The plates were then incubated aerobically 
at 32°C and examined daily for up to three weeks under a light microscope (Olympus, 
Japan) for the appearance of amoebal trophozoites and/or cysts. Samples were recorded 
as no negative amoebal growth was observed at the end of the three weeks. Plates 
positive for amoebae were sub-cultured by cutting small agar plugs, placing them upside 
down onto fresh in NNA-E. Coli plates and incubating as before. This process was done 
three times to purify the amoebae cells as much as possible. Once purified, the cells were 
harvested by gently scraping the agar surface, using an eye scraper, and re-suspended 
in PAS and stored at -20°C for DNA extraction and PCR (Figure 3.2). 
3.11 Isolation and purification of bacteria 
For each water sample, three volumes of 100 mL were filtered through a 0.45 μm pore-





appropriate selective media ensuring that no air bubbles were trapped. Swabs were 
vortexed at maximum speed for the 60s in 10 mL page's amoebal saline buffer (PAS) in 
individual sterile tubes, and 1 mL of the suspension inoculated on selective media. The 
selective media used are as follows: MacConkey agar targeting Gram-negative lactose 
fermenting (Strenotrophomonas maltophilia, Serratia marcescens, Enterobacter and 
Klebsiella) and non-lactose fermenting bacteria (Salmonella, Proteus species, Yersinia, 
and shigella); Hi-chrome Universal differential Medium targeting E.coli; Pseudomonas 
agar targeting Pseudomonas aeruginosa and other Pseudomonas spp. and mannitol salt 
agar for the growth of some Gram-positive bacteria (Staphylococcus, enterococcus, and 
Micrococcaceae).  All the media were prepared according to the manufacturers’ 
instructions. The plates were all incubated at 37°C for 24 hours.  
3.12 Identification of bacteria and antimicrobial susceptibility testing 
Bacterial isolates were characterized using the VITEK®2 compact system (BioMérieux, 
USA), which identifies organisms using biochemical reactions and newly developed 
substrates measuring carbon source utilization, enzymatic activities, and resistance. 
Purified bacterial colonies from selective media were streak-plated on Mueller-Hintion 
agar plates and incubated at 37°C for 24hours and Gram stained. Pure colonies were 
placed in a tube containing 1 mL saline (BioMérieux, USA), and the density was monitored 
with the VITEK® 2 densiCHEK™. Bacterial suspensions not within the appropriate zone 
were adjusted to 0.5–0.63 McFarland standard. The appropriate VITEK® 2 identification 
card was selected and inserted into the tube containing the suspension. Once the isolates 
were identified, the asT-GN09 cards (BioMérieux, USA) were used to assess 
antimicrobial susceptibility of bacterial isolates to 19 different antimicrobials, ampicillin, 
amoxicillin, piperacillin, cefuroxime, cefuroxime axetil, cefoxitin, cefotaxime, ceftazidime, 
cefazolin, cefepime, ertapenem, mipenem, meropenem, amikacin,  gentamicin, 
tobramycin, ciprofloxacin, tigecycline, colistin, and trimethoprim-sulfamethoxazole. 
Evaluation of antimicrobial susceptibility results was performed following the Clinical and 
Laboratory Standards Institute (CLSI). 
3.13 Molecular identification 
3.13.1 DNA extraction 
DNA was extracted using the method previously described by Boom et al (2003). Briefly, 





The supernatant was discarded, and the pellet was kept for DNA extraction. To the pellet, 
700 µL of lysis buffer was added and incubated at 70°C for 10 min volume of 250 µL 
100% ethanol was added to the mixture and further incubated at 56°C for 10 min. To this 
mixture, 50 µL of celite was added and incubated at room temperature for 10 min. The 
mixture was then loaded onto a spin column containing a DNA binding membrane 
(Borindina et al., 2003) and centrifuged. The column was washed in two steps with 700 
µL wash buffer each and centrifuged. Final washing was done with 70% ethanol in two 
steps of 700 µL each. DNA was eluted using 100 µL aE buffer after incubation at room 
temperature for 2 min and stored at -20°C. The extracted DNA was used as a template 
in all PCR reactions (Figure 3.5). 
3.13.2 PCR analysis 
Amoeba was detected by amplification of the extracted DNA using the standard primers 
targeting Free-living amoeba, as stated in Coskun et al (2013). The samples were 
amplified in a 20 µL reaction mixture containing 10 μl of the 2 x Qiagen® im-PCR master 
mix (HotstartTaq DNA polymerase, 10 x buffer, 2 mM MgCl2, and dNTP mix), 1 μL 5 x q-
solution, 1 μL of PCR  grade water, 2 μL 25 imM MgCl2, 4 μL of template DNA and 0.5 
μL of primers. The PCR was carried out with forwarding primer p-FLA-F 
(5′CGCGGTAATTCCAGCTCCAATAGC3′) and reverse primer p-FLA-R 
(5′CAGGTTAAGGTCTCGTTCGTTAAC3′) that were targeted at conserved stretches of 
Acanthamoeba18S rDNA. The cycling conditions were: an initial enzyme activation of 
95°C for 15 min, followed by 30 cycles of denaturation at 94°C for 1 min, annealing at 
62°C for 90 sec and elongation at 72°C for 1 min with the final extension of 72°C for 10 
min. The primers yielded 750 -1000 bp fragments.  All amplicons were separated on a 






Figure 3.5 Protocol used to analyze water, biofilm, and surface samples 
 
3.13.3 Testing for microbial indicator organisms 
A portion of 100 mL of water samples was mixed with colilert® media (IDEXX Laboratory) 
in sterile 100 mL glass funnels with lids and sealed in Quanti-Tray®/2000 containers. The 
trays were incubated for 24h at 37ºC. After incubation, the trays were examined under a 
long wave (366 in m) ultraviolet light (UV) using which machine wells that both turned 
yellow and fluoresce under UV were counted as E. coli positive. 
3.14 Data analysis 
Data obtained from the other parameters tested onsite and results gathered from the 
collected samples' analysis were populated onto an Excel spreadsheet.  All results from 
the tests were analyzed using the data analysis software SPSS version 26. The fishers’ 
exact test was used to determine relevance to the study. Statistical analysis was used to 
determine the differences between the groups for each independent variable for isolation 
of amoeba and associated clinically relevant bacteria from biofilm and water samples in 
a Johannesburg tertiary hospital. The collected data were analyzed with SPSS®, version 
15 (SPSS INC., Chicago, USA), using crossing tables and chi-square tests (asymptotic 





to test for the association between categorical variables. The interpretation was 


























Chapter 4:   
                                                              Results 
4.1.1 Introduction 
The study focused on isolating clinically relevant bacteria with Acanthamoeba spp. being 
the focal organism, mainly due to its abundance in the environment and its association 
with infections. A total of 254 samples were collected from high-risk areas identified during 
a walk-through assessment. The purpose of the walk-through assessment was to identify 
and review areas that pose the greatest exposure risk to mainly waterborne pathogens. 
Water (hot and cold), biofilm, and surface swabs were the three main types of samples 
collected, bi-weekly over three months. Generally, most likely, exposure routes for 
Acanthamoeba spp. and relevant bacterial are inhalation, ingestion, and absorption 
through physical contact (Vaerewijck et al., 2014). The areas where exposure is likely to 
occur in the PBU were identified and included dressing rooms, examination rooms, 
patient files, ‘doctor’s desks,’ intensive care units, general wards, water distribution points, 
and air-conditioners. 
Water quality monitoring in healthcare facilities is a function undertaken by Environmental 
Health Practitioners (EHPs) in South Africa as per the National Health Act 61 of 2003 
(Cele, 2018). Monitoring includes the collection of water samples that are a reasonable 
representation of what people are consuming. Routine water samples are collected once 
a month at 7 collection points. The frequency of sample collection can be increased if a 
waterborne or food-borne outbreak occurs or if non-compliance has been detected from 
the original routine sample. The water is tested for traditional indicator organisms: total 
bacterial count, total coliforms, and E. coli (SABS, 2011). The presence of any of these 
indicator organisms would prompt further testing. The limitations placed on the amount 
and types of tests undertaken are largely due to financial constraints experienced by 
many developing countries like South Africa. 
Surface swabs are also routinely taken by EHPs from the hospital’s food processing 
stations in the Main Kitchen, infant milk room where formula milk is prepared for babies 
born to mothers unable to produce breast milk due to a variety of reasons including 





routine swabs taken by the Environmental Health Practitioners as per the Foodstuffs, 
Disinfectants, and Cosmetics (FCD) Act that strongly recommends the identification of 
hazard critical points (Foodstuffs, cosmetics and disinfectants Act). The food samples are 
tested for standard microbiology compliance, which involves analyzing the total plate 
count and coliform count by a registered laboratory once collected by the Environmental 
Health Practitioners monthly. Routine monthly surface swabs are also taken by EHPs 
from these food processing stations and tested for the presence of anything that you 
would expect to find in the water and food. Prepared milk is tested for the presence of a 
standard plate count and total coliform count. Plate counts outside the safe zone like 
water samples, prompt the need for further testing and re-sampling after investigations 
and corrective measures have been put in place. 
Water inevitably impacts the outcome of all these tests conducted, making the need for a 
robust monitoring programme an even greater public health concern. The funding to 
enable the collection, transportation (to a central laboratory), and processing of these 
samples is made possible by the Provincial Environmental Health Directorate. Collection 
and processing of the surface swabs taken in the clinical areas are conducted on-site 
(within the hospital premises) by the Infection Control Nursing Practitioners. The 
collection frequency is dependent on the availability of funds and priority funds allocated 
during outbreaks from the hospital’s budget. The inability to collect samples routinely and 
consistently in high-risk areas such as the PBU affects the hospital’s analysis of the 
cleaning procedures' effectiveness. A variety of clinically relevant bacteria were isolated 
from the 204 surface samples collected from various sampling areas in the PBU. 
4.1.2 Physico-chemical parameters and indicator organisms 
The physico-chemical parameters of the water at the PBU were measured at the time of 
sampling and are summarized in Table 4.1.  At the time of sampling, the hot water system 
samples’ temperature ranged between 38.5°C and 48.7°C (mean 42.6°C); pH ranged 
from 6.9 to 8.8 (mean 7.4); total dissolved solids ranged between 85mg/L and 187 mg/L 
(mean 134 mg/L) and residual chlorine between 0.01 mg/L and 0.35 mg/L (mean 0.12 
mg/L). The temperature of cold water system samples at the time of sampling ranged 
between 18.4°C and 30.7°C (mean 22.5°C); pH ranged from 7.6 to 8.5 (mean 8.0); total 
dissolved solids ranged between 110mg/L and 150 mg/L (mean 122 mg/L) and residual 

































 ≤ 5 mg/L 
H/C- hot and cold water system; M-Medan 
The recommended pH levels for water in South Africa is 6 and 9 although slight 
differences do not cause major health problems. Tap water in general is considered safe 
for human consumption in South Africa. Factors that are considered is the microbial load, 
pH and TDS respectively. The danger in these standards however is that only limited 
microbes are considered (SANS 204: 2015; Muchesa et al., 2016).  
4.1.3 Detection of Free-living amoeba by microscopy 
Water (n= 71), biofilm (n=78), and surface (n=105) samples were collected and analyzed 
by microscopy identification of amoeba were based on the cysts, which are star-shaped, 
hexagonal, polygonal, and/or spherical in their outer wall. Positive amoebae samples, 
typical star-shaped and/or hexagonal Acanthamoeba spp. were observed by microscopy 






Figure 4.1 Typical Acanthamoeba cysts (arrows) observed from patient file samples, phase contrast 
40 X microscope (Olympus, Japan), bar 50 µm 
Acanthamoeba spp. were observed using light and inverted microscopy in 99 (38.9 %) of 
the 254 samples.  A few observations were noted from the positive amoeba-positive 
samples; 28 (28.3%) were from water, 21 (21.2%) biofilm, and 50 (50.5%) surface 
samples (P=0.98) after amoebal enrichment. The higher amoeba prevalence rate in 
samples compared for water and biofilm samples was not statistically significant (P 
>0.05). See Appendix (i) for the frequency table. Amoebae isolated from water, biofilm, 
and surface samples in each sampling area of the PBU is summarized in Table 4.2. 
Generally, the amoebae were isolated from all sampling areas except the hospital's 
distribution points that receive water from the Johannesburg Municipality facilitated by 
Joburg Water. Water is stored in the main reservoir and four distribution tanks on the roof 
of the building (one non-functional, so samples were taken only from 1 distribution tank) 
(see appendix ii). The water flows from these distribution tanks to the different wards and 
sections of the hospital. Free-living amoeba was most prevalent in the samples taken in 
the dressing rooms 32 (32.7%) and on patient files 22 (22.4%) (Table 4.2). 
Table 4.2 Acanthamoeba spp. isolated from water (w), biofilm (b), and 
surface (s) samples per area in the PBU. 
Area                 +FLA                 W+ (%)           B+ (%)                S+(%)       Total 
+FLA 





Examination rooms 0 (0.0) 8 (100) 0 (0.0) 8 
Patient files 0 (0.0) 0 (0.0) 22 (100) 22 
Doctor’s desks 0 (0.0) 0 (0.0) 13 (100) 13 
Intensive care units 11 (50.0) 4 (50.0) 0 (0.0) 15 
General wards 1 (100) 4 (50.0) 0 (0.0) 5 
Distribution points  0 (0.0) 0 (0.0) 0 (0.0) 0 
Aircon inlets 0 (0.0) 0 (0.0) 3(100) 3 
W-Water; B-Biofilm; S-Surface 
 
4.1.4 Molecular identification of FLA  
To confirm the microscopy and culture observations: the 99 samples presumptively 
identified as Acanthamoeba spp. were subjected to molecular identification by PCR using 
universal primers p-FLA-F and p-FLA-R. Out of a total of 98 samples, 11 (11.2%) did not 
show bands on an agarose gel, while 87 (89.7%) did. Two products of 1000 and 1100 bp 
were detected in 47 (54.0%) samples, and only the product of 1 100 bp was amplified in 
40 (46.0%) samples. The positive Control, Acanthamoeba castellanii (ATCC 30010), was 
amplified with all the morphologically identified samples (Figure 4.2). 
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Figure 4.2 Agarose gel (2%) electrophores is of the PCR products of environmental samples, which 
amplify approximately 750 - 1000bp of the 18S rRNA gene; a 100bp ladder; positive Control (lane 1) 
and negative control (lane 2). 
4.1.5 Detection of bacteria associated with amoebae 
In total, 22 bacterial species were identified using the VITEK®2 analysis from 213 surface 
and water isolates of the Paediatric Burns Unit. Out of the 213 environmental isolates, 11 
were recovered from the examination room, 97 from general wards, 40 from the intensive 
care unit, and 65 from the dressing rooms. The most abundant bacterial species were 
Pseudomonas aeruginosa a(n=96), Stenotrophomonas maltophilia (n=32), Enterobacter 
cloacae (n=26), and Sphingomonas paucimobilis (n=10) (Table 4:4). 
The highest diversity of bacterial species was observed in the  general wards where the 
species Acinetobacter Baumannii, Acinetobacter lwoffii, Achromobacter denitrifcans, 
dermacoccusnish nomiyaensis, enterococcus casseliflavus, enterobactericloacae,  
gemella morbillorum, Klebsiella oxytoca, Klebsiella pneumoniae, Leuconostoc 
mesenteroides, Micococcusluteus, Pseudomonas aeruginosa, Serretia marcescens, 
Sphingomonas paucimobilis, Staphylococcus  aureus, Staphylococcus  epidermidis, 
Staphylococcus  haemolyticus, Staphylococcus  hominis spp, and Stenotrophomonas 
















Table 4.3 Biodiversity of bacterial species isolated at different sampling areas of the PBU 









Acinetobacter baumannii 0 1 2 3 6 
Acinetobacter lwoffii 0 1 0 1 2 
Achromobacter denitrifcans 0 1 0 0 1 
Burkholderacepacia 0 0 0 1 1 
Dermacoccusn shnomiyaensis 0 1 0 0 1 
Enterococcus casselflavus 0 1 0 0 1 
Enterobacter cloacae  0 8 12 6 26 
Gemellamorbillorum 0 1 0 0 1 
Enterococcus faecalis 0 0 1 1 2 
Klebsiella oxytoca 0 1 1 0 2 
Klebsiella pneumoniae 0 2 0 1 3 
Leuconostocmesenteroides spp. 0 1 0 0 1 
Micococcusluteus 0 4 1 2 7 
Pseudomonas aeruginosa 4 56 9 27 96 
Rhizobium radiobacter 0 0 1 1 2 
Serretia marcescens 0 4 0 0 4 





Staphylococcus aureus 0 4 1 1 6 
Staphylococcus auricularis 0 1 0 1 0 
Staphylococcus epidermidis 0 1 0 3 4 
Staphylococcus haemolyticus 0 3 0 0 3 
Staphylococcus hominis spp. 0 2 0 0 1 
Staphylococcus warneri 0 2 0 0 0 
Stenotrophomonasmaltophilia 6 4 10 12 32 





4.1.6 Antimicrobial susceptibility testing 
A total of 158 (74.2%) isolates obtained from hospital environments were screened for 
their antimicrobial susceptibility. Out of the 158 isolates, 125 (79.1%) were Gram-
negative, and 33 (20.9%) were Gram-positive. The highest number of resistance in Gram-
negative isolates was observed with the cephalosporin family of antibiotics, cefotaxime 
(n=120), cefepime (n=115), and ceftazidime (n=111).The lowest number of resistant 
isolates observed with ertapenem (n=2) and the colistin (n=5) antibiotics. Resistance to 
tigecycline (n=71) became the most frequent resistance of all tested non-beta-lactam 
antibiotics in this study. The resistance to Bertapenem was only observed in E.cloacae 
isolates. S.maltophila showed resistance to only one antibiotic, trimethoprim-














Table 4. 4 Number of Gram-negative nosocomial pathogens resistant to antibiotics recovered from 
the hospital environment 
Bacteria AMX PIP CMX CEFTIN FOX CTX CAZ FEP ETP IPM MEM AN GM TM CIP TGC CST SXT 
A. baumanii 0 4 0 0 0 6 4 4 0 0 2 0 0 0 0 0 0 4 
A. lwoffii 0 2 0 0 0 2 2 2 0 0 0 1 1 1 1 1 0 1 
A. dentrificans 0 4 0 0 0 4 4 4 0 0 0 3 3 1 3 1 0 4 
E. Cloacae 31 13 32 32 32 31 32 31 2 3 3 2 1 9 1 0 1 3 
K. pnuemoniae 2 1 2 2 1 1 1 1 0 z 0 0 0 0 0 0 0 0 
K. Oxytoca 1 1 2 2 1 2 2 2 
4.2 0 
0 0 0 0 1 0 0 0 1 
P  aeruginosa 0 70 0 
4.2.1.1.1.1.1.1.1 0 
0 71 64 68 0 26 18 30 30 31 34 69 1 1 
S.maltophilia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 24 
S. Marcescens 3 0 3 3 3 3 3 3 0 3 3 0 0 3 0 0 3 0 






2 32 26 34 35 46 39 71 5 38 
amoxicillin (AMX), piperacillin (PIP), cefuroxime (CXM), cefuroxime axetil (CEFTIN), cefoxitin 
(FOX), cefotaxime (CTX), ceftazidime (CAZ), cefepime (FEP), ertapenem (ETP),mipenem 
(IPM),meropenem (MEM), amikacin (AN),  gentamicin (GM), tobramycin (TM), ciprofloxacin 






Resistance to erythromycin (n=22) was the highest for Gram-positive isolates analyzed 
by the VITEK®2 system. The lowest resistance was observed with non-beta-lactam 
antibiotics; three isolates were resistant to teicoplanin, while four isolates were resistant 
to telithromycin and vancomycin. Resistance to telithromycin was only observed in S. 











Table 4:5 Number of Gram-positive nosocomial pathogens resistant to antibiotics recovered from 
the hospital environment 
Bacteria FOX 
screen 
OXA GM CIP MXF CLI ERY TEL TEC VAN TCN FD FUS SXT 
E.faecalis 0 0 2 0 0 0 2 0 2 2 2 1 0 0 
M.luteus 0 0 0 2 0 0 6 0 1 2 1 4 0 0 
S.aureus 2 5 3 6 7 8 5 4 0 0 4 1 1 0 
S.auricularis 2 2 0 0 1 0 1 0 0 0 0 0 0 0 
S.epidermidis 0 0 0 2 0 1 2 0 2 2 0 0 0 1 
S.haemolyticus 5 5 4 2 4 0 4 0 0 0 0 0 3 7 
S.hominis 3 3 0 0 1 3 5 0 0 0 2 0 2 4 
S.warneri 0 1 0 2 2 0 2 0 0 0 0 0 1 0 




22 4 3 4 9 6 6 11 
oxacillin (OXA), Gentamicin (GM), ciprofloxacin (CIP), moxifloxacin (MXF), clindamycin 
(CLI), erythromycin (ERY)telithromycin (TEL), vancomycin (VAN), Tetracycline (TCN), 




A total of 30 (19.0%) isolates showed resistance to one, and 28 (17.7%) isolates were 
resistant to two tested antibiotics. The most common combination of resistances was to 
piperacillin (PIP)/cefepime (FEP)/t gecycline (TGC) in the P. aeruginosa isolates. Fifty 
isolates (31.6%) revealed resistance to one or more antibiotics, including 45 (90.0%) 
isolates with three and 5 (10.0%) with four. These 50 isolates were classified as multi-
resistant as they were resistant to three or four different antibiotic classes (Table 4.6). 
Table 4.6 Multi-drug resistance pattern of Gram-negative isolates from a Paediatric Burns Unit 
Bacteria species No. Of 
isolate
s 
Resistance pattern Multidrug 
resistance (MDR) 
A. lwoffii 1 PIP, GN, CIP,TGC MDR 4 
A. dentrificans 3 PIP, GM, CIP MDR 1 
E. cloacae 5 AMX,CAZ, TM MDR 1 
 2 AMX, pM. TM MDR 1 
 1 CAZ, AN, TN MDR 1 
 1 AMX,GN,CIP MDR 4 
K. oxytoca 1 AMX, CAZ, TM, SXT MDR 4 
P  aeruginosa 16 FEP, GM, CIP MDR 1 
 18 FEP, pM, CIP MDR 1 
S. marcescens 2 AMX,CAZ,MEM MDR 4 
    
 
 
Surfaces are usually disinfected using commercially available biocide liquid and/ or 
crystals mixed with water as per the instructions (Bas et al., 2017). General cleaning 
procedures in most public South African hospitals follow internal guidelines drafted by the 
infection prevention and control and Environmental Health units as per these 
professionals' availability. Monitoring if these cleaning guidelines are being adhered to by 
all the relevant personnel is also a function performed by the same professionals. The 
World Health Organisation (WHO) recommends that a minimum of one suitably qualified 
Environmental Health Practitioner (EHP) be appointed for every 10 000 people in the 
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same geographical space (Shezi et al., 2019; World Health Organisation, 2020). South 
Africa presently does not comply with this recommendation to monitor cleaning 
procedures in hospitals challenging, particularly at night. Proper donning and doffing 
techniques among health care workers and handwashing requires adequate monitoring 
in the absence of the IPC and EH professionals (particularly after hours) to decrease the 
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Chapter 5:   
                                                           Discussion 
5.1 Introduction 
The South African government has introduced numerous developments and programmes 
to improve health care, efficiency, safety, and quality of delivery and access for all users 
(Mogashoa and Pelser, 2014). Despite the extensive efforts made to improve the quality 
of healthcare delivery, large populations of immunocompromised patients are housed in 
conditions that are often far from ideal (Marutha and Ngoepe, 2017). Concerns have been 
raised about the poor record-keeping, increased litigation because of avoidable errors, 
shortage of resources in medicine and equipment, prolonged waiting time because of a 
shortage of human resources, poor hygiene, and inadequate infection control measures 
(Maphumulo and Bhengu, 2019). Besides overcrowding in hospitals, shortages of well-
trained medical personnel, constant equipment breakdowns, water and electricity 
shortages, and funding restrictions are some of the challenges facing public hospitals in 
countries like South Africa (Ochieng, 2018). There are many reasons why patients are at 
an increased risk of acquiring HAIs; poor infrastructure that is sometimes not well 
maintained can contribute to this. A study by Brink et al (2019) claims that this poor 
maintenance attributes to approximately one in seven South Africans being at risk of 
acquiring hospital-acquired infections (HAIs). 
Paediatric burns patients are known to be susceptible to various HAIs due to the nature 
of their injuries, which plays a role in weakening their immune system, contributing to 
prolonged hospital stays. Burns in children are reported to be among the most prevalent 
traumatic injuries in low and middle-income countries, with the highest incidence 
occurring in Africa (Baier et al., 2018). This study investigated the diversity of clinically 
relevant nosocomial Gram bacteria and amoeba in water and Environmental sources of 
a South African Paediatric Burns Unit (PBU).  In addition, the antimicrobial susceptibility 
of the isolates was also analysed. 
5.2 Physico-chemical parameters and indicator organisms 
Generally, all the measured physico-chemical parameters were within limits prescribed 
by the South African National Standard for drinking water systems (SANS 241:2015).  
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According to the standard, the accepted pH ranges are between 6.0 to 9.0, TDS ≤ 1200 
mg/L, and residual chlorine ≤ 5 mg/L. Passive sampling of two water samples is tested 
for the traditional indicator organisms (coliforms, faecal coliforms, and E. Coli) 
recommended in South Africa to determine the microbial quality of drinking water systems 
(SANS 241:2015).  
Despite the recommendations to test for indicator organisms by Muchesa et al (2016), 
some measurable pathogens that can expose the immune-compromised individuals 
through contact and inhalation are not accounted for by measuring indicator organisms.  
Indicator organisms include  protozoa and bacteria such as Acanthamoeba, 
Vermamoeba, Stenotrophomonas maltophilia, and Staphylococcus aureus. These 
important indicator organisms have shown no correlation with conventional indicator 
organism counts and proliferate in Healthcare environments (Delafont et al., 2018; 
Ashbolt, 2015). Therefore, indicator testing alone may not be adequate for monitoring the 
quality of drinking water, especially in Healthcare institutions, where immune-
compromised patients are exposed daily to potentially contaminated water. 
5.3 Detection of Acanthamoeba 
Using amoebal enrichment, 99 samples were positive for Acanthamoeba spp. in water 
(n=28), biofilm (n=21), and surface (n=50) samples. The Acanthamoeba- positive 
samples were isolated from dressing rooms (n=32), examination rooms (n=8), patient 
files (n=32), doctor’s desks (n=13), intensive care Units (n=15), general wards (n=5) and 
air-conditioning inlets (n=3). No Acanthamoeba spp. were observed in this study using 
microscopy-an instrument used to detect (most) organisms that are too small to be seen 
with the naked eye. These isolates had typical cysts (Figure 4.1) with a double-walled 
shape of the endocyst and ectocyst, according to Pussard and Pons’s (Wopereis et al., 
2020; Pussard, 1977).  
The prevalence of potentially pathogenic Acanthamoeba spp. indicates the contamination 
of both water and surface sources in the PBU.  In South Africa, contamination of hospital 
water systems with FLA has been reported in our previous studies (Muchesa et al., 2016). 
Some studies have reported the contamination of Healthcare facilities with potentially 
pathogenic microorganisms such as bacteria, viruses, fungi, and protozoa (Roa et al., 
2020; Flemming et al., 2002). In particular, the protozoa, Acanthamoeba, gained interest 
as an emerging contaminant of natural and human-made environments, including clinical 
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settings (Nampoothiri et al., 2018). Colonization of water pipes, cooling towers, spa pools, 
taps, showers, dialysis machines, and other medical devices by Acanthamoeba 
opportunistic pathogens may pose a potential risk of healthcare-associated infections 
(WHO, 2011). Therefore, immunocompromised patients would be more susceptible to 
these infections caused by opportunistic pathogens such as Acanthamoeba. Adverse 
environmental conditions allow amoeba to form cysts resistant to biocides and 
disinfectants primarily used for hygiene and sanitation purposes in healthcare settings 
(Aucher et al., 2020). The resistance against biocides formed by these cysts explains why 
Acanthamoeba was detected on some surfaces such as ‘doctor’s desks’ cleaned daily 
with disinfectants.  
The isolation of Acanthamoeba on patient files is of keen interest as it is the first instance 
to be reported in Africa, to the best of our knowledge. Much research has been conducted 
on the occurrence of bacteria on patient files and their possible hand hygiene implications. 
These studies have also shown that patient files, among other sources, could be 
important vehicles for cross-contamination and infection in healthcare settings (Roa et 
al., 2020a; Ango et al., 2017; Thajeddin et al., 2016). Patient files contaminated with 
bacteria may contaminate HCWs, subsequently passing the pathogens to the next 
attended patients. Data on the occurrence of other organisms, such as protozoa on 
patient files, have been scarce. In the current study, 80 samples were collected, and 22 
(27.5%) were positive for Acanthamoeba. 
The entry point for Acanthamoeba infection is the skin via direct contact, resulting in a 
rare opportunistic infection called cutaneous Acanthamoebasis. From the primary 
cutaneous infection site, the amoebae can spread through the bloodstream to the central 
nervous system (Muchesa et al., 2019; Sente et al., 2016. This may have implications for 
the paediatric burn patients with open wounds as the hands of HCWs involved directly in 
the patient’s care are in frequent contact with potentially contaminated FLA paper-based 
patient files. In addition, there are currently no procedures to decontaminate the patient 
files as paper, unlike other equipment, is not compatible with liquid disinfectants. 
Furthermore, the frequency in which HCWs handle the patient files makes it difficult to 
have standardized disinfection protocols. However, good hand hygiene by washing hands 
after attending to the patient and before handling the files is an effective way to prevent 
cross-contamination and subsequent infection of vulnerable patients (Sente et al., 2016). 
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5.4 Prevalence of potentially pathogenic microbes detected 
This study showed that 47.1% (120/255) of the hospital environment samples from 
dressing rooms, examination rooms, patient files, doctor’s desks, intensive care units, 
general wards, and air conditioning inlets were contaminated with different Gram-negative 
and Gram-positive bacterial species. There is a scarcity of information on studies that 
have directly compared the occurrence of bacteria in water and surface samples from 
hospital environments. However, several studies have reported the contamination of 
hospital water distribution systems and surfaces such as computer keyboards, patient 
chairs, bed rails, doorknobs, and telephones (Sulayman et al., 2018) with potentially 
pathogenic bacteria. 
 
In this study, the highest prevalence of nosocomial pathogens was observed in general 
wards making up 45,5% of the total isolates, followed by dressing rooms (30.1%), 
intensive care units (18.8%), and then the examination room (5.2%). The most commonly 
detected bacterial species in this study were the Gram-negative bacteria, P. aeruginosa, 
S.maltophilia, and S .paucimobilis. Other clinically relevant bacterial species, A. 
baumannii, A. lwoffii, A. dentrificans, K. oxytoca, K. pneumoniae, and S. marcescens, and 
S. aureus were also detected in basin taps, basins, showers, bathing tubs, basins, 
doctor's desks, patient files, and patient dressing trolleys.  A comparable study by Collin 
et al. (2020) detected the Gram-negative bacteria, K. pneumoniae, Acinetobacter spp., 
P. aeruginosa, and Enterobacter spp. on frequently touched surfaces, medical 
equipment, patients’ immediate surroundings, ward sink, and toilets.  A study by Pachori 
et al. (2019) in China reported P. aeruginosa, E. cloacae, and K. pneumoniae from 
inanimate surfaces as the predominant bacterial species in general wards and intensive 
care units of hospitals. In a more recent study in Bangladesh to identify if surfaces near 
hospitalized patients with respiratory infections were contaminated with respiratory 
pathogens (Hassan et al., 2019). K. pneumoniae was the most frequently detected 
pathogen on both respiratory swabs and surfaces near patients positive for this organism. 
The detection of nosocomial pathogens on inanimate surfaces such as ‘doctor's desks,’ 
cooling tubs, and patient dressing trolleys in the present study suggests that more 
attention should be paid to daily cleaning and disinfection practices of surfaces that are 
in frequent contact with patients and healthcare workers. These surfaces on patients' 
environments require a lot more than what is currently being done to eliminate and control 
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the pathogenic microbial load to prevent nosocomial infections from eliminating and 
reducing nosocomial pathogens, which have been shown to survive for months on dry 
surfaces. Furthermore, the isolation of A. dentrificans, P.  aeruginosa, and E. cloacae on 
patient files in this study can have implications on hand hygiene as the hands of HCWs 
are involved directly in the patient’s care and are frequently in contact with potentially 
contaminated patient files. Therefore, good hand hygiene practices is an important 
preventive measure in the Paediatric Burns Unit as there are currently no procedures to 
decontaminate the paper-based patients’ files as paper, unlike other equipment, is not 
compatible with liquid disinfectants (Khan et al. 2015). 
 
In addition to surface sources, healthcare water sources have been overlooked as a 
possible source of nosocomial infections (Muchesa et al. 2017). However, most hospital 
water systems are contaminated by pathogens due to their favourable bacterial 
temperatures and complex water systems that encourage water stagnation, corrosion, 
and eventual biofilm formation (Rutala and Weber, 1997). Many studies have reported 
contamination of Healthcare water distribution systems with nosocomial pathogens 
(Decker & Palmore 2013).  A South African study by Muchesa et al. (2017) reported S. 
marcescens, S. maltophilia, and Delfti acidovorans S. paucimobilis and common 
testosterone as the most commonly detected bacterial species in selected South African 
hospital water distribution systems. The current study detected A. baumannii, A. lwoffii, 
A. dentrificans, E. cloacae, K. oxytoca, K. pneumoniae, P. aeruginosa, S. marcescens, 
S. maltophilia in basin and patient shower water, which could potentially expose patients 
to infection. 
 
All detected bacteria in this study have been implicated in HAIs such as pneumonia, 
urinary tract infections, bacteremia, scleritis, gastrointestinal tract, and skin infections 
(ECDC, 2013). Bloodstream infections (BSIs), the most common type of infection in burns 
patients, has been associated with bacterial pathogens that include S. aureus, P. 
aeruginosa, K. pneumoniae, A. baumannii, and Escherichia coli. These bacteria have 
been implicated in HAIs in healthcare settings, with patients being exposed through 
drinking, skin contact, and inhalation of aerosols (Muchesa et al., 2015). The 
dissemination of HAIs often originates from the cross-contamination of nosocomial 
bacteria from the healthcare environment to patients. The hands of HCW can be vectors 
of nosocomial pathogen transfer between the environment and patients, and vice-versa. 
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Patient populations at risk for outbreaks and infections include immunosuppressed and 
immunocompromised individuals with cancer and/or stem cell transplants and HIV/AIDS. 
Immuno-compromised patients in South Africa, like in many developing countries, are 
particularly affected as the country has been battling two epidemics, tuberculosis (TB) 
and HIV/AIDS, over the last two decades. South Africa has the third-worst TB epidemic 
worldwide after China and India, and one of the highest prevalence of HIV globally, with 
12.7% of the population reported to be infected in 2019 (WHO, 2019). Other immuno-
compromised patients housed in intensive care units (ICUs), premature infants in 
neonatal intensive care units (NICU), burn patients, and patients during/after surgery are 
also at risk of HAIs notable outbreaks and infections have been reported for pathogens 
associated with water reservoirs. These outbreaks and infections include organisms 
detected in this study such as P. aeruginosa (Walker, 2014), S. maltophilia (Guyot, 2013), 
E. cloacae (Breathnach, 2006), S.marcescens (Archibald, 1997), A. baumannii (La forgia, 
2010, K. pneumoniae (Campos et al., 2016). 
 
5.5 Screening of antimicrobial-resistant isolates 
Antimicrobial susceptibility screening of 74.2% (158/213) of the bacteria isolates was 
done using the VITEK®2 analysis following the CLSI standards. The isolates were more 
resistant to the cephalosporin family of antibiotics and were more susceptible to 
ertapenem and the colistin antibiotics. Cephalosporins, as the first-line therapy for 
infections (including infections in this Burns Unit), are prescribed and administered many 
times compared to other classes of antibiotics (Adesoji et al., 2016), which can be the 
reason for increased numbers of cephalosporin-resistant isolates in the present study. P. 
aeruginosa and E. Cloacae were Among the most abundant isolates in this study. These 
isolates were the only species resistant to carbapenems. This is a public health concern 
in the Paediatric  Burns Unit if patients are exposed to these P. aeruginosa and E. cloacae 
considering that carbapenems, Among the beta-lactams, are the most effective and have 
a broad spectrum of antibacterial activity against Gram-negative bacteria. Bacterial 
isolates resistant to three or more different classes of antibiotics can be classified as 
multidrug-resistant. In this study, 31.6% (50/158) bacterial isolates were classified as 
multidrug-resistant (MDR). Out of the 50 isolates, 90.0% were resistant to at least three 
antibiotics classes and 10.0% to four. Exposure of paediatric burns patients to these MDR 
isolates is a public health risk as patients are more at risk of developing sepsis. Patients 
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will require more extended periods of hospitalization and more prolonged antibiotic 
treatment (Sola, 2018). 
Studies like this one are crucial at a time like this when a global pandemic is testing the 
healthcare system. The importance of preventative care has become a central topic in 
every industry. The WorldOMeter reports (08 February 2021) over one hundred million 
corona virus confirmed cases with over two million deaths globally and over one million 
active cases in South Africa and over 40 thousand deaths (The proper use and availability 
of PPE, regular cleaning with effective chemicals, regular maintenance of equipment is 
among the few things that need to be improved in many health care facilities in-order to 
decrease the risk of contracting HAIs and other genera infections (Loyolo et al., 2020). 
The increase in funding directed toward the corona virus vaccine should serve as an 
opportunity to re-structure the supply chain management system in South Africa. 
Financial resources need to put aside for the testing of FLA associated organisms 
discussed in this paper. Efficiency and transparency in the system are some of the major 
changes that would give public health the boost that it needs in ensuring that prevention 
of diseases is prioritised (Nwuso and Oyenubi, 2021). The extensive literature discussed 
highlights the growing number of organisms found in healthcare environments where the 
most vulnerable are. A holistic approach is needed when reviewing the public health 
system, factoring in emerging health concerns such as the Acanthamoeba that has been 
proven to exist in South African hospitals aiding other prominent infectious causing 
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Chapter 6:   
Conclusions and Recommendations 
6.1 Conclusions 
To achieve the objectives: the study was divided into two phases:(1) walk-through survey 
and (2) sampling and test methods, with the latter being the focus. In the first phase, a 
walk-through survey was conducted where the PBU was the selected Unit to conduct this 
study because of the scarcity of available data in FLA prevalence in environments where 
minor patients with burn injuries are being treated, particularly in South Africa. Other 
areas of interest that could be considered in a future study are the post-surgical-wards, 
medical wards, general paediatric wards, and the neonatal intensive care unit. These are 
the wards the highest in numbers of hospital-acquired infections are commonly detected.  
Although some observations based on the PBU are shared below, this data has not been 
highlighted in this study to focus on the latter-sampling and test methods. 
 
The following observations were of importance in the walkthrough assessment of the 
Paediatric burns Unit (PBU), particularly in terms of infection prevention and control (IPC): 
● Areas that are considered high risk due to the increased possibility of exposure to FLA 
and select clinically relevant bacteria in the PBU: dressing rooms (x2) and examination 
room(x1); high care units (x3), and general wards (x2).  These areas provide 
conducive environments for these organisms because of their high patient and health 
worker contact and availability of in-animated objects used during patient care. The 
rendering of medical procedures involves multiple physical contact between the 
patient and the Health care worker who will handle surfaces.  Counters, serving trays 
casually referred to as ‘doctors desks’ (x20) by staff as they serve as writing platforms 
when patient files are updated by each professional that examines the patient.  
Naturally, patient files are handled frequently by various health professionals making 
them one of the most contaminated (number of files swabbed was dependent on the 
number available on the sample collection day as described in Chapter Three) that 
was selected for the isolation of FLA and select clinically relevant bacteria. The last 
two areas selected were the available (x2) air conditioning vents located in the general 
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wards and water distribution points due to the many times that these organisms were 
isolated in points such as these in hospitals (Muchesa et al., 2016).  
● There is no dedicated isolation ward. Patients are admitted to the PBU based on their 
burn injuries. The same team treats all other medical (including highly infectious) 
conditions that they present with at the time of admission. The high-care units, if 
available, are used as isolation units. Extra precautions are employed during this time. 
The infrastructural non-compliance of these units to house highly infectious patients 
increases the chances of cross-contamination significantly. Simultaneously, the 
possible interaction of the FLA with some of these bacteria may play a role in the 
extended hospitalization of these patients.   
● Patients that are not bed-bound are encouraged to stay active with the Unit having a 
small play area in one of the general wards where possible cross-contamination 
between patients can occur 
● There are 2 patient toilets in each of the two general wards where they are used 
unsupervised by the older, more able children. Basic infection prevention and control 
(IPC) such as handwashing can prove challenging to maintain mong children younger 
than 12 years old, which is the age group accommodated in the PBU. 
 
The second phase of the study involved isolating and detecting Acanthamoeba and 
potentially pathogenic Gram-positive and Gram-negative bacteria using culture and 
molecular-based methods. The presence/absence outcome was performed on samples 
analyzed by amoebal enrichment technique to isolate Acanthamoeba. Antimicrobial 
susceptibility testing was done on selected bacterial isolates, and the following findings 
were of importance: 
● Generally, all the measured physico-chemical parameters were within limits 
prescribed by the South African National Standard for drinking water systems, that is, 
pH ranges were between 6.0 to 9.0, TDS ≤ 1200 mg/L, and residual chlorine ≤ 5 mg/L 
● No culturable sample of the indicator, E. coli, were detected in all water samples using 
the micro-most probable number (MPN) method.  
● Using the amoebal enrichment method, Acanthamoeba spp. were observed using 
light and inverted microscopy in 98 (38.6 %) of the 254 samples 
● From the amoeba-positive samples, 28 (28.3%) were from water, 21 (21.2%) biofilm, 
and 50 (50.5%) surface samples (P=0.98) 
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● The higher amoeba prevalence rate in samples compared to water and biofilm 
samples was not statistically significant (P >0.05)  
● Generally, amoebae were isolated from all sampling areas except the hospital's 
distribution points that receive water from the Ekurhuleni Municipality and is stored in 
reservoir tanks on the roof of the building, supplying different parts of the hospital. 
This is mostly due to the water treatment that the general supply of water undergoes, 
including a constant chlorine boost. The potable water in many parts of South Africa 
is ranked relatively high in terms of its safety for human consumption, which is an 
excellent achievement for a developing country.  
● Free-living amoebae were most prevalent in the dressing rooms 32 (32.7%) and on 
patient files 22 (22.4%). 
● Using molecular methods, 11 (11.1%) did not show bands on the agarose gel. Out of 
the 87 samples with bands, two products of 1000 and 1100 bp were detected in 47 
(54.0%) samples, and only the product of 1 100 bp was amplified in 40 (46.0%) 
samples 
● The most detected bacterial species were P. aeruginosa, S. maltophilia, E. cloacae, 
and S. paucimobilis. 
● The isolates were more resistant to the cephalosporin family of antibiotics and were 
more susceptible to ertapenem and the colistin antibiotics. 
 
6.2 Recommendations 
This project was designed to explore the prevalence of amoebae and potentially 
pathogenic bacteria in the drinking water system and on surfaces of a PBU. The amoebae 
and bacteria detected in this study can provide relevant information for further source 
tracking studies in pursuit of linking their occurrence in the environment to hospital-
acquired infections occurring in the PBU. The study's scope does not cover the 
management and implementation of appropriate water treatment and environmental 
decontamination to remedy any deficiencies in water quality and environmental hygiene. 
However, some simple interventions may be useful in future studies to prevent or reduce 
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The recommended interventions include:  
● Routine monthly screening of hospital water and environmental surfaces in selected 
critical areas for the presence of WHO-identified priority bacterial pathogens and 
amoebae  
● Cleaning hospital surfaces twice a day to prevent transmission to patients through 
direct skin contact which is exposed in the Burns Unit 
● Installation of disposable point-of-use water filters in critical areas such as the ICU 
and wound dressing rooms to prevent exposure to FLA and/or bacteria that can infect 
burn wounds  
● Patients should be given child-friendly training on washing hands and other basic IPC 
practices with monitoring to support consistency.  
● Improvements to be made in the high care units to allow for better IPC practices   
● Provide training to hospital personnel on the potential risks of using tap water and on 
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Type Frequency Percent Valid Percent
Cumulative 
Percent
Water Valid Absent 44 61,1 61,1 61,1
Present 28 38,9 38,9 100,0
Total 72 100,0 100,0
Biofilm Valid Absent 57 73,1 73,1 73,1
Present 21 26,9 26,9 100,0
Total 78 100,0 100,0
Surface Valid Absent 55 52,4 52,4 52,4
Present 50 47,6 47,6 100,0
Total 105 100,0 100,0
Appendix ii- Cross tabulation:  Presence of Amoeba in water, biofilm and surface samples 
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OPD-Out iPatient iDepartment 
PBU- Paediatric  iBurns iUnit 
TB- iTuberculosis 
HIV-Human iimmune-deficiency ivirus 
 
1-Water iDistribution iChannel 
2-Water iDistribution iChannel 
3-Water iDistribution iChannel 
4-Water iDistribution iChannel i(not 
ifunctional) 
 i i i i-Direction iof icold iwater iflow i 
 
  
Appendix iii- Hospital Layout with the Cold-Water Distribution System Highlighted 
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High iCare iRoom i3 
High iCare iRoom i2 
General iWard iA 
Examination iroom 













































Appendix iiii-PBU Basic Layout 
*not drawn to scale 
 






Appendix iv-Higher Degrees Committee Clearance Letter 
 









Appendix v- Research Ethics Committee Clearance Letter 
 












Skip to Main Content 
Digital Receipt 
This receipt acknowledges that  Turnitin  received your paper. Below you will find the receipt 
information regarding your submission. 
The first page of your submissions is displayed below. 
B KHUMALO 
Submit proposals, theses, dissertations … 
20201015  BK Dissertation 





15- Oct-2020 09:31AM (UTC +0200) 
1337566741 
Copyright 2020 Turnitin. All rights reserved. 
Appendix vi-TurnItIn  Proof of Submission 
 
  93 
 
19 October 2020 
TO WHOM IT MAY CONCERN 
LANGUAGE EDITING OF DISSERTATION BY BONISWA KHUMALO 
 
I confirm that I have undertaken the language editing of the dissertation 
titled Prevalence of Clinically Relevant Acanthamoeba and Bacteria in a 
South African Paediatric Burns Unit. I have only edited the grammar, 
spelling and punctuation and have not altered or amended the content 
in any way. 
 
MARION GOLDEN 
mobile: 082 572 7395 
email: 
pgraphic@net.co.za 







Appendix vii-Language Editorial Report 
